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PROCEEDINGS. 



THIBTY-SECOND ANNUAL MEETING OF THE KANSAS ACADEMY 
OP SCIENCE, DECEMBER 2S-30, 1899. 

McPherson, Kan., December 28. 1899. 

The Eaneas Academy of Science convened for the thirty-Beoond 
annual meeting at McPiiereon, Kan. The opening sessioD was held 
in the assembly hall of the high-sohool building. 

The Academy was called to order by Vice-president A, S. Hitchcock, 
at 7:30 p.m., December 2S, 1899, 

The foUowing.named members were present: E. H. S. Bailey, J. 
W. Beede, F. W. Bushong, H. J. Harnly, A. S, Hitchcock, A. W. 
Jones. Warren Knaus, D. E. Lantz, Ephraim Miller, F. O. Marvin, J. 
R. Mead, L. E. Sayre, i. E. Shacklett, A. J. Smith, and B. B. Smyth. 

Vice-president Hitchcock appointed the following committees: 

On program : Warren Kuaus, D. E. Lantz, J. W. Beede. 

On membership: L. E. Sayre, B. B. Smyth, H. J. Harnly. 

For the information of members present, the minutes of the thirty- 
first annual meeting were read. 

The committee on program made a report, which was adopted, and 
I the following papers were then taken up and read : 

1. The first great roof, by Chas. H. Sternberg. (Read by the sec- 
[ retary.) 

2. Apocynum cannahlnvm, by L. E. Sayre. 

3. Some geologic phenomena in central Missouri, by S. Z. Sharp. 
(Read by the secretary.) 

The committee on members reported the following names for mem- 
bership : 

I Prof. L- H. Shattuck, Holton. 
J. C, CooptT. Topeka, 
J. 8. Dawson, Hill City. _ 

L. D. Arnold, Salina. 
H. W. Charles, Washington, 
S. G. Mead. McPlierson, 
J. E. Welin, Lindsborg. 
On motion, the above were duly elected. After announcements by 
the local members, the Academy adjourned, to meet at nine A. m, on 
Friday morning. 
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Friday Monsrsay Decemba 29. 
1*b#< Ai^mimmy wnm dnlM to cmler by Vice-preadsit Hitciicock at 

I'h^ Wlr>^n^ (wmmittw© were appointed : 

/'m nf>minilt}<snii : #(. ]t. M^d, E. Miller, F. W. Boeing. 

ffn fm^y\f\tvfin : PJ. tt. 8. Baifey, J. C, Cooper, L. D. Arnold. 

fm A^ffyWity : ft. ft. Mmytb, Warren Enaos. 

<'m ^ndifJtVfjf iwyvvimfii 6l frmurorer : A. W. Jones, F. O. Marvin, A. 

^f hA llhfAf t^fk mMl#i II ▼enrbal report (rf the work done during the 
^nf yM^i. If h^ f#pr*ft wii# MC^U^d by vote. 

Yh6 ff#ntrnf4^ f^poft^l ibn iimotint of money on hand as $50.90. 
^f h6 f^pt^i WM f^fwfwl to th* anditing committee. 

^thf* ^Mrlmlff## <»yi l^ifrlnlation appointed at the thirty-first annual 
H}tii>fiHg H^frtffiHt thrf>tn|rh the chairman, D. E. Lantz. The report 
Hffkfi A^(^|lfNl. tkUi\ (ifi ffiotion tho committee was continued. 

^ht6 lo\\i^\U(t w^f# f^ic<miifi<inded for membership, and duly elected : 

Tti<» followlfiitf |4i(H»iii w(>r0 thon presented :* 

( ( Mt Aft Afi^lNit t*U(>bk) village in western Kansas, by S. W. Wil- 

h ^HM*fM(liry ny t^^Mlli dt»(H>slts in the United States, by G. P. Grims- 

(V (^^lill^yy of \\\p (iUMk iiuHititains of western Oklahoma, by Mark 

t ^\\\m HUM^^U Miv>irUrs» by Col W. Tweeddale. (Read by B. B. 

^ M^*Hi^' V'f Oii^ Ki^mNMi ti|C^r biHi»tIes» by Warren Enans. 
M {h\ M^v Ih'hMi^ vi^lwtf v»l vvaL by E. H. S. Bailey. 
UV ^v'U«^ Khmi4m» ivvrUtwk by J. C. Cooper. 

\W VSs'(s^r «iths'\wW i^Hii« tHHitutitul specimens of spherical nodizles 
v4 ^^,v*Uv^ \ft(Uiv^ VAv^Wvl mucfc^ luWrwt. 

VU4 mv^Mv**. S^^^ VvHM.l¥M4^v (i4iv>axu^ to meet at two o*elock p. jl 

(f^wi^AX Artttsuow. December £^. 
A'♦^s^ VvHHlva*> MHi# w*eUv^ W v^db^ at two r. Jt by Vice-preeiiiieiit 

^Hv»> i^iuuVva \^t thv !$v«iiim vrf 'CboJMdiijr ^jvening w^re r^wii Jtmi ap^ 

i^u u«^M^vH«hl)^ ^^MttmiHMv r^^^vrtnii 6ivQcabIy vjn tihj followtngs 

»*iV«^Ki |^»4«<^H**< J%mi tiWy WXMW vilriy ttlUMttHi : 
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The committee on membership also reported the following bb en- 
titled to life membership: E, Miller. S. A. Baldwin, I. D. Graham, 
D. M. Valentine. On motion, they were duly elected. 

The question of time and place for the next annual meeting was 
made a special order for four o'clock. 

The reading of papers was then continued. 

11. On the Leonid meteors of 1833. by J. R. Mead, 

12. An example of variation in the human cranium, by H. J. 
Hamly. 

13. Additions to the tlora of Kansas, by A. S. Hitchcock. 

14. On testing paving bricks, by F. 0. Marvin. 

15. Mirages, by B, B. Smyth. ( Read by title.) 

16. An historical list of Kansas mammals, by D. E. Lantz. (By 
title.) 

17. A plan for a small astronomical observatory, by E. B. Knerr. 
(By title.) 

IS. On the selachians of the Kansas Cretaceous, by S. W. Willieton. 
(By title.) 

19. Stratigraphy of southeastern Kansas, by Geo. I. Adams. (By 
title.) 

20. On some Diatomacere of Topeka and vicinity, by Geo. H. Cur- 
tis. 

21. Analysis of magnesia waters near Madison, by F. W. Bushong. 

22. Technique in the study of Coccidse, by S, J. Hunter and W. S. 
Sutton. (By title.) 

23. Collecting notes from southwest Kansas, by Warren Knans. 

24. Additions to the list of Kansae Coleoptera, by Warren Knans. 

25. On the electrical conductivity of liquid ammonia solutions, by 
E.G. Franklin. (By title.) 

At this point the question of time and place of the next meeting 
was taken up and discussed by several members. On motion, the 
matter was left to the executive board for decision. 

The reading of papers was continued. 

26. The softening and purifying of water by the Tweeddale proc- 
ocess, by W. Tweeddale. (Read by title.) 

27. Metatioplus diffi-retit talis and M. hivUlatus in Kansas, by 
Hnnter and Sutton. (By title.) 

28. Notes of a trip through western Wyoming, by J. R. Mead, 

29. The host-plants of Kansas Coocidie, by P. J. Parrott. (By 
title.) 

30. The orthopteran genus Melanoplua in Kansas, by Hnnter and 
Sutton. (By title.) 

3t, A comparison of the faunas of the Permian in England and 
America, by J. W. Beede, 
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32. Harmonic forma, by B. B. Smyth, 
38. A geological section of Lyon and Chase counties along Ibe I 
Cottonwoo<l river, by A. J, Smith. 

On motion, adjourned until 7 :30 p. M. 

Fridav EvENiSG, December 29. 

The Academy met in the assembly hall of the high school at 7:30 I 
p. M. 

The minutes of the morning end afternoon seEsions were read and | 
approved. 

Miss Grace R. Meeker, Ottawa, having been recommended by the I 
cADmmittee, was elected to active membership, 

The committee on nominations recommended the following for of- 
ficers of the Academy for the ensuing year : 

President, A. S. Hitchcock, Manhattan. 

First vice-president, Ephraim Miller, Lawrence. 

Second vice-president, J. C Cooper, Topeka. 

Secretary, D. E. Lantz, Chapman. 

Treasurer, J. W. Beede, Effingham. 

Librarian, B, B. Smyth, Topeka. 

Curators. B. B. Smyth, Tojjeka; Warren Knaus, McPherson; G. | 
P. Grimsley, Topeka ; Edward Bartow, Lawrence. 

On motion, they were duly elected. 

The committee on resolutioos presented the following, and, on mo- 1 
tion, it was adopted : 

Retolved, That the hearty tbaake of the Academy are hereby tendered to tba I 
faculty of McPhersoQ College and the citizens of McFhereoD for ibeir hospitality ; I 
and to the authorities of the high school and the aewapapers of the city for J 
Dumeroua favore extended. E, H. 8. Bailet, 



The auditing committee reported that they had examined the ao- 1 
counts of the treasurer and found them to be correct. The report waa I 
accepted. 

The committee oa necrology reported that no members of tbel 
Academy had died during the past year. 

34. Prof. E. Miller then read a paper entitled "The Corona of the | 
Sun." The lecture waa illustrated with numerous lantern views. 

The address of the retiring president, E. B. Knerr, was then pre- 
sented by the secretary. Professor Knerr having been detained at 
home by the illness of his wife. 

On motion of Doctor Sayre, the secretary was directed to convey to 
Professor Knerr an expression of the appreciation of the address by 
the members of the Academy. 



TBIRTY-THIBD ANNUAL MEHTIKG. 5 

Other papers presented were : 

35, Some further remarks on the Mentor Beds, by A. W. Jones. 
(By title.) 

36. On fiomis public water-supplies, by E. H. S. Bailey. ( By title. ) 

37, A contribution to the origin of gypsum beds, by E. H. S, 
Bailey and M. K. Shaler. 

38. Ecological areas in Florida flora, by A. S. Hitchcock. (By 
title.) An oral abstract of the paper was given by the author. 

The minutes of the present session were read and approved. 
On motion, adjourned to meet at nine o'clock Saturday morning, in 
the parlor of the Commercial hotel, 

Saturoay MoRNiKQ, December 30, 

The Academy met pursuant to adjournmeat ; President Hitchcock 
in the chair, 

J. H, Newby, Osage City, Kan,, was elected to active membership. 

A motion was passed requesting Profs. F. O. Marvin and A. S, 
Hitchcock to deliver lectures before the Academy at Topeka during 
the coming year, and that the arrapgemenls for the lectures be left to 
the executive committee. 

On motion, adjourned abii- die. D. E. Lantz, Secretary. 



THIRTYTHIRD ANNU-i^L MEETING OF THE KANS.\S ACADEMY 
OF SCIENCE, DECEMBER 28-29, 1900. 

Topeka, Kan., December 28, 1900. 

The Kansas Academy of Science met for the thirty-third annual 
meeting at Topeka. The openiug session was held in the old su- 
preme court-room, in the state-house. 

The Academy was calli'd to order by President Hitchcock at tea 
o'clock A. M., December 28, lliOO. 

The following me-mbers were present: E. H, S Bailey, W. 0. 
Bauer, J, W. Beede, R. B. Dunlevy, C. N. Gould, C. F. Gustafson, 
H. J. Harnly, A. S, Hitchcock, Warren Knaus, E. B. Knerr, D. E. 
Lantz, J. R. Mead, Grace Meeker, E. Miller, W. K. Palmer, L. E. 
Sayre. L. H. Shattuck, Alva .1. Smith, B. B. Smyth, A. H. Thomp- 
son, J. D. Walters. J. T. Willard, J. E. Welin, L. C. Wooster. A 
number of visitors were also present. 

The record of business transacted at the last meeting of the Acad- 
emy was read by the secretary. 

The president appointed the following committees : 

On program ; C. N. Gould, D. E. Lnntz, H. J. Hamly. 

On membership: J. W. Beede, L. C. WooBter, W. C. Bauer. 
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The reading of pnjTers was then taken up in the order j 
by the preliminary program. 

1. The spring flora of Cowley connty, by Mark White, 
by the secretarj', in the absence of the author.) 

2. Magnetic measorements at the Baldwin magnetic observatory of | 
the I'nited States coast and geodetic Bur\ey, by Wm. C. Bauer. 

3. Additions to the list of Kansas Coleopteni during 1899-1900, 
by Warren Rnaus. 

4. The relative rate of digestion of raw vegetable proteids and 
cooked, by J, T. WiUairf and Maud Gardiner. ( Read by J. T. Will- 
ard.) 

5. The Muscotab artesian wells, by E. B. Knerr. 

6. The Atchison diainoud-drill prospect bole, by A. E. Langworthy. ' 
(Read by title, in the absence of the author.) 

I. Salt plains in Oklahoma, by C. N. Gould. 
The following were read by title or abstracts given by the authors: 

8. Catalogue of the Goss ornithological collection, by B. B. Smyth. 

9. List of birds observed in Dickinson county, by D. E. Lantz. 

10. List of plants collected in Lee county, Florida, by A. S. Hitch- 
cock. I 

II. List of plants in my Florida herbarium, part II, by A. S. ' 
Hitchcock. 

On motion of L. E. Sayre, a committee of five was appointed to 
considej the welfare of the Academy, and to report at a later session 
of Ibis meeting. The following were appointed members of the com- 
mittee by acclamation: E. H. S. Bailey, A. H. Thompson, D. E, ] 
LantE, A. S. Hitchcock. Warren Knaue. 

After announcements for the afternoon meeting the Academy *d- 1 
journed, to meet at two o'clock P. H. 

Friday ArrEBNOON, December 2 

President Hitchcock called the Academy to order at two p. k. He J 
Hppoiuted the following committees : 

On neicrolog}' : A. H. Thompson, E. Miller. 

On nominations : J. T. Willard. E. H. S. Bailey, E. B. Eneir. 

Ou reculotioas: W. K. Palmer, A. J. Smith. 

Auditing accounts: J. R. Me&d. L. E. Sayre, Wanvn Knaos. 

The committee on membership reported, recommending the follow- 
ing : J. M. Westgste. Manhattan ; Carl Johns. Lindsborg ; J. A. Har- 
ris. Lawrence; L. N. MoTSchcr, Lawrence; Arlbar Ringer, Baldwin; i 
S- A. DieJ. Baldwin; E. X. Johnson. Holton. 

Oa molian. they w«re duly elected to active membership. 

P r -= — -^ ■ n preeented as follows : 

:.>lee on Kansas Ooleoptera. by Warren Enaos. 
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13, Soil exhauBtion by oontinuoae cropping of wheat, by J, T. 
Willard. 

14, The value of graphical methods in teaching thermodynamics, 
by W. K. Palmer. 

i. Some recent experiraenta with liquid ammonia as a eolvent, by 
E. C. Franklin and C. A. KrauB, (Read by Mr. Franklin.) 

16. AmeriouB limeBtone, by A. J. Hmith. 

n. On the Bouthern estension of the Marion and Wellington for- 
mations, by C. N. Gould. 

18, Additional notes on medicinal plants of Kansas — medicinal 
agents of the Aeclepiadacere, by L, E, Sayre. 

19. The effect of oxygen on animal lite, by J, T. Willard and A, T. 
Kinsley, (Read by Mr. Willard.) 

20, Dakota Cretaceous of Kansas and Nebraska, by C. N. Gould. 
(Read by title.) 

21. Some Diatomacere of Reno county, KaoBae, by Geo, H. Curtis, 
(Read provisionally by title, the author having been detained at home 
by illness,) 

£2, The Flint Hills, by J. R, Mead, 

23. The use of ball bearings for general machinery, by W. K. 
Palmer, 

24. A new Cretaceous turtle, by S. W. Williston. 

The committee on membership reported, recommending E. H, 
Sellards, Lawrence ; D. F. McFarlaud, Lawrence ; and C, H, Martin, 
Topeka, 

On motion, they were elected to active membership. 

On motion, adjourned until eight o'clock p. M, 

Friday Evening, December 28. 

The Academy met in the aenate chamber. 

PreB, A. S. Hitchcock gave the annual address, choosing as a aub- 
ject "A Brief Outliue of Ecology." 

Prof. E. Miller gave a lecture on "The Milky Way," illustrated 
with many lantern Blides. 

Prof. G, P. Griraaley delivered a lecture on "The Mines and Min- 
erals of Kansas," illustrated with numerous lanteni slides. 

On motion, the Academy adjourned, to meet at nine o'clock A. M., 
Saturday, 

Saturday Morning, December 29. 

The Academy met in the senate chamber, and was called to order 
by President Hitchcock, 

The minutes of the seasiona of Friday were read and approved. 

The committee on uominatione jiresented the following report : 

For president, E, Miller, Lawrence, 
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First vioe-president, J, C. Cooper, Topeka. 

Second vice-preeideat, L. C. Wooeter, Emporia. 

Secretary, D. E. Lantz, Alma. 

Treasurer, E. C. Franklin, Lawrence. 

Librarian, B. B. Smyth, Topeka. 

Carators: B. B, Smyth, Topeka; Warren Knaus, McPherson; G. 
P. Grimsley, Topeka; Edward Bartow, Lawrence, 

On motion, the report wae laid on the table to await the report of 
the committee on the welfare of the Academy. 

The secretary read the following letter to the librarian from Rev. 
Jiio. D. Parker, one of the founders of the Academy : 
Prof. B. B. Smijfh : East Orangs, N. J., December 2 

Dear Sir — I have receired the "preliminary program" of the tbirty-tliird 
AD&ual meeting of the KaDE^ae Academy of Science, and it Btlre memories of the 
olden time. It does not seem a third of a century since ProfeBsor Mudge and I, 
with a few local attendants (called out for the occasion), organized, in my lecture- 
room in LJDColB College, the Kansas Natural History Society, which wag after- 
ward enlarged in Us scope and became the Kansas .-Academy of Science. That 
was the beginning! but Professor Miidgre said: " Wemuet not despiee the day of 
small ttiinga." Sometimea 1 would make a motion, and Professor Mudge would 
second it and put it ta vote, and when we both Totcd tor it the motion was carried 
unaAi'i'OU*!)/. That wae a blessing to have perfect unanimity, .^t the second 
annual meeting, held in the Topeka Presbyterian church, I secured halt rates on 
Ibe Kaneas Pacific railway for tboee attending the meeting, provided the secre- 
lary signed the return ticket. 1 remember signing the return ticket of just oce 
man, who came into the meeting a few minutes to meet the requirements of the 
railway. 

Scientists were scarce in those days, and to a scientist there were "chunks of 
K>litade": but 1 do not want you to think that Professor Mudge and I were not 
happy. I thick we had more substantial eoioyment than any other two persons in 
Kansas. It was easy to run down to Lawrence, and Professor Snow was the 
prince of gcMd fellows. You remember that where Lord Brougham sat "there 
was the head ot the table," and where Professor Mudge sat there was the head 
of the table. He had an inexhaustible fund of knowledge, which was enlivened 
by incidents arising out ot his wide and varied eiperiences. He was one ot the 
most charming lecturers in the West. Once be gave a lecture on the ''Geology 
ot Kansas" in my church in Burlington, Kan., and he held the audience spell- 
bound until he finished. 1 rememl>er some amusing incidents of his life. 

Professor Mudge nss very fond of pepper, and one time, while eating and 
shaking the pepper-box over bis plate, the top came off suddenly and nearly all 
the pepper came out otibel>oi on his food. That day 1 noticed the professor was 
especially lively, but sometimes teats would come into bis eyes. I read of a toan 
who, hating never seen red pepper, put a teaspoontul into his mouth to sample it. 
WheD t*ar» came into bis eyea ho was asked what stirred his emotions. He re- 
jdied that ha was thinking of bis grandfather. 1 suppose Professor Mudge must 
luTC baea working up bis g«nealogical record that day, for be seemed to have 



Om cbt7, wblle Tisliing ProfeMor Mud(re at Manhattan, we went to an Indian 
burial- place and lock out ot a grave a skeleton, and a brasskettle placed in the grave 
that the decMsed Indian could hm as he went to tbe happy hunting-grounds. 
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The broken ekeletoo was placed ia [be kettle which was put in the back end of 
the wagOD often used bj the profeesor on geological eicurBioDe. On returning 
to his home I looked back in the wagon and saw the bones in the kettle, and told 
the profeesor it reminded me of a passage ot scripture. He asked what passage. 
I told him it was recorded in 2 Kings iv: 10: "O thou man of God, there ia death 
Id the pot." 

Perhaps you may remember that Profeaaor Mudge lived very much in the 
past, and knew almost everything in geological history, but did not always keep 
up with current events. One time he was risitias us at the institution for the 
blind, at the time of meeting of the board of truateee. We were all slttinK at the 
lonK table in the diniog-room — the trustees, teachers, Frofessor Mudge, and m^ 
family. Professor Mudge was deploring the fact that writers in Eastern papers 
would misrepresent Kansas and esaggerate. One of the trustees asked him to 
give some example where a writer had exaggerated. " Well," said the Professor 
slowly, in his sober, unassuming way, trying to call up an exam^ile, "recently I 
saw a letter in an Eastern paper where a writer, in descrlbiDg the grasshopper 
scare, actually stated that when the grasshoppers visited Kansas they were three 
feet deep at Topeka." The trustee asked hira who wrote the article. Professor 
Mudge replied that he had almost forgotten the name of the writer; but after a 
moment he added, trying to recall it, "I believe it was Eli — Eli — it seems to 
me it was Eli Perkins!" The whole company, of course, burst into a roar of 
laughter, and Professor Mudge, whose awakened memory and quick perception 
took in the situation, laughed as heartily as the others. We all agreed with 
Professor Mudge io bis proposition that writers would sometimes exaggerate, but 
the example given of a humorist did not prove it. 

The thousand dollars which the friends of science put into Professor Mudge's 
monument at Manhattan was simply a tokeu of the deep and abiding love which 
a!l classes felt for him. His large ecipntiflckuowledge: bis modesty and unassum- 
iDg manners: his purity of character and sweetness of disposition; bis wonderful 
activity, both physical and mental, up to the day of his death — for when he re- 
ceived the paralytic stroke that terminated his life he was preparing one of bis 
charming lectures — all of these things give him a place and a name that will re- 
main sacred in Kanaas as long as science is cultivated on the great central plains 
of North America. I remember that Chancellor Snow once said that Professor 
Mudge was about equal to three ordinary men. 

Well, I want you to tell all the members of the Kacsas Academy of Science 
that my heart goes out to them wonderfully. In all my scientific work, oo scientists 
have come quite so close to me, and been so dear to my heart, as those in Kansas. 
I wish 1 could attend the meeting at Topeka. How the recollections rush upon 
me as I think of the scientific aeaociaiians which it has been my privilege to 
originate, viz.: 

Kansas .'Academy of Science, 

Kanaas City Academy of Science, 

Nebraska Academy of Science, and 

Oalifornia Science .Association. 
Out of these, I am told, have sprung the 

Indiana Academy of Science and 

Ohio Academy of Science. 
These are the children and grandchildren of a wonderful aclentlOc family. 
The field of all these aseociatioos covers a third of a million square miles: ten 
millions of people live in it; and a thousand scientists are connected with these 
associations, it is estimated. What hath God wrought in the West, by the 
humblest instrumentality 1 Fraternally, Jobns D, Parker. 
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On motioD of Doctor WilliBton, the Ifetter was ordered published in 
the proceedings of the Academy. 

The cotnmittee od the welfare of the Academy presented the fol- 
lowing report : 
To the Memfiera of the Kaneae Academy of Sconce : 

Your oommittM to whom was »Dtruated the cod aide rat ion of the K^neral wel- 
fare of the M>ciet7 beg leave to make the tollowinf; report : 

Firai. — We reoogaize the ^reat value of the library to the members of the 
Academy aod to the people of the elate at large. For the small appropriations 
and amouot expended in printiDg, a very large amouot of moat valuable materia) 
is received in the way of eichangee ; indeed, an amount far io excesa of the ooet of 
ourowD publications, Webeljeve that every etTort should be made to increase the 
library : and when some plan is formulated for the consolidation of all the libraries 
ic the state-house under a common head we should favor having the Kansas 
Academy library made a part of this collection. 

Second. ^We coDsider the Gosa collection of birds very valuable tor instruc- 
tional purposes and as such it should ba made more available by having larger 
cases provided, to relieve the crowded condition ot the collections. This collec- 
tion requires the constant care ot some competent person in order to keep it ia 
good oonditiou. 

Third.— Wo urge at as early a period as possible the establishment and main- 
tenance by the Academy of an economic museum of the industrial products ot 
the slate tor popular instruction. We have already the basis for such a collec- 
tion, and we realize that it will be at great interest and value in the development 
of our resources, and will attract the attention of those desirous of investing capi- 
tal in the state. We believe that the collection for the museum of specimens 
other than those having a distinct industrial value should be for the present dis- 

FouTlli.^Vfe believe that the value of our publications both to our own mem- 
bers and to the scientific world would be doubled if these publications could be 
issued promptly. We suggest, therefore, that an eSort be made to issue bulle- 
tins containing the most important papers whenever tfaeyareoffered for publica- 
tion, and that these bulletins be eeriaily numbered, paged, and indexed, so as to 
be convenient for binding. By this means we should secure tor the Academy 
many valuable papers which at present are sent toother journals. The Academy 
does Dot attract many important papers that would give It a higher standing in 
the scientiBc world. 

Fi/lh.—Via suggest that the eecretary keep himself informed in regard to all 
persons in the univereities, colleges and high schools ot the state, and all other 
persons interested in science, and that a persistent effort be made to secure their 
cooperation in forwarding the work of the Academy. 

Sixth.— We recommend that such changes be made in the constitution of the 
Academy as that the ofGcers shall t>e a president, two vice-presidents, a secre- 
tary, a treasurer, and an editor. We suggest that the secretary be a salaried 
officer, and that he have charge of all the books, collections and material prop- 
erly belonging to the Academy. We suggest that the editor be chairman ex 
officio of a committee of three who shall have the entire responsibility ot issuing 
the proceedings of the Academy. 

SfltentA.—Weaak for the tollowinganDual appropriations from the legislature: 
For the salary of Becretar^, including help o( a stenographer, tlSOO ; tor new mu- 
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8 'Um oases for the Goss collectioD and for the iadustrial collectioos referred to 

above. ISOO; for poetaKe< eipresa. etc.. ^300; total, $2000. 
Respectfully submitted. 

E. H. S. Bailet, a. 8. Hitchcock, 

W. KflAca. D. E. Lantk, 

A. H. THOMPsoa, Commiilee. 

The report wne tnken up by sections, and, after eliglit amendments, 
was adopted as presented above. 

The report of the committee on nominations was taken from the 
table, and, on motion, the persons nominated were duly elected, thy 
secretary casting the ballot. 

The treasurer reported a balance of $124.90 on hand. 

On motion of B. B. Smyth, fifty dollars was set aside for use of the 
executive committee in furnishing illustrations for next report. 

The reading of papers was then continued. 

26, Sanitary water analysis at Kansas University, by Edward Bar- 
tow. (Read by Prof. E. H. S. Bailey.) 

27. Wild flowers of Kansas adapted to cultivatiou, by Grace R. 
Meeker. 

26. Contributions toward a monograph of the Permian of the 
central United States: (1) The Permian of the Blue Valley and ita 
fauna, by J, W. Beede. 

29. The food of fishes in central Kansas, by Geo. H. Curtis. (Read 
by title, ) 

30. The Kansas- Oklahoma Triassio and its invertebrate fauna, by 
C. N. Gould and J. W. Beede. 

31. A new method for the identification of areenic, antimony, and 
tin, by H. P, Cady, (Presented by E. H. S. Bailey.) 

32. The Atchison shales, by .J, W. Beede, 

33. A new mangano-ferrouB mineral water, by E. H. S. Bailey. 
On motion, adjourned to meet at 1:.'J0 p, m. 

Saturday Afternoon, December 29, 

The Academy was called to order by President Hitchcock at 1:30 
o'clock p. M. 

B, B. Smyth and P. W. Cragin, having been members of the 
Academy for twenty years, were, on recommendation of the commit- 
tee on membership, elected as life members. 

F. F, Creveccour, of Onaga, was proposed for membership and duly 
elected, 

On motion, Prof. George T. Fairchild, of Berea, Ky., was elected to 
honorary membership in the Academy. 

The reading of papers was then continued. 

34. Archeology of Catalina island, by J. R. Mead. 

35. Principles of chimney design, by W. K. Palmer. 
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a$. Crtting— t4 tbm Qniatcid ffmyhrOngical coBertioM. I? B. K: 

S7. Tb« Uaek dock {Anat siteura) in EmsH. bf S- Mstthenu 
(IVHmted by D. E. Lutz- ) 

Ttw aoditing <xifBffliU«e rvporled that (he occuantfi of tb« tmeoRr 
wcT« eorrwrt. Ttw nrport wis accepted utd the oommiltee discltarg«L 

Th* pnsideDt sppointcd. m a committee oq iegisbtttoa. Dr. S. W. 
WilUatoa. D. E. Lutz, and Dr. A. H. Thompeoa. 

Mr. B. B. Hmjrth uiaoanced that the Qnintard colkctKia of shells 
had ef>rat! iuto the eoatodj of (he csrators of the Acwleiuy, to be ex- 
bibit«d io the irtate masenm. 

On motion, a committee of three was appointed to ctmakder the 
liropcT aMe}rtiU)ce erf the gift and act thereof). The prendeot ap- 
poioto'l D. E. L«iitz, E. A. Popeooe and B. B. Smyth membere ot 
Mid (XMnmiltee. 

Tbe fblloirtnf( papers were then preaeDted : 

3h. KanMJt climate and crop review, 1900, by T. B. JenaiDgs. 
(Rmd by title.) 

3&. Atioutated catalogue of the crayfishes of Esn&as, by J. A. 
Barria. (Abirtract givea by the nothor.) 

40. The role ut laoMtaity, by L, N. Morscher. 

41. Foaail plants from thfi Permian of Kansas, by E. H. Sellarde. 
T)iFi comnilttMi on reaolations reported the following: 
littolved, Br tbs Ksdiu Academjr of Scieooe, in Fession at Topeka. K»n., 

OMVmber 9D, 1900, thkt th« tfaankir and appreciation of the Academf b« and are 
baraby •iteodvd to tha offlocrf of the iitAte-house for the acccmmodacions aod 
eonreDianoei klndty alTordad the Aoadem; during ita aessioos, and to the preea 
of Topeki (or Ita caurt«atM io the Academy ; and the secretary is bereb; in- 
atruntM] to tntnamit a wpj of this reaolutioa to the olTIcials to whom tbe 
Acndamy taindnbtrd and to tbeTopekapreas. W. K. Palmeb. 

A. J. Smith. 

Prof. E. H. S. Builey gave written notice of a change in the con- 
atilutlim lo i-mbody the rfcomnjendations of the committee adopted 
by tbii Acndeiny ut the morning eesBion. 

Tlie tiinti nnd pliioe for tbe nest annual meeting of the Academy 
wero, on motion, ri'ferred to tbe executive committee for action. 

The mhiiitea W('re then read and approved. 

On motion, the Academy took a recusa until eight o'clock p. M , 
Jauuary 2ft, HH)1. 

TopKKA, Kan., January 25, 1901. 

Tho KniiMfis Acadt'iiiy of Science met purauant to adjournment of 
Derumb<'r 211, I'JOlf. Prea, E. Miller in the chair. 

Pr0aid(>nt M illtir atuU-d tlie object of the present ndjoomed session, 

Prof. F, O. Marvin delivered a lecture on •■Water-supply from a 
Hanitary StaniliMiint." 
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On motion of Profeeaor Sayre, the lecturer was asked to permit the 
Academy to publish his lecture ia the forthcoming volume of "TranB- 
actions." 

A special order of business was the consideration of the amend- 
ment to the constitution proposed on December 29 by Prof. E. H. 9. 
Bailey. 

Moved by Professor Bailey to amend seotion 4 of the conetitutioa 
so that it shall read : 

The officers of tbia Academy ahall be chosen by ballot at the annua! meeting, 
ftod aball coDHiat of a president, two vice-preaidenta. a secretary, and a treasurer, 
who shall perform the duties uaually pertaining to their respectire olIii.-es. The 
preaident, secretary, and treasurer shall conatitute an executiTe board. The sec- 
retary shall have charge of all the books, collections, and material properly bO' 
longing to the Academy. 

The amendment was adopted by a vote of ten to two. 

On motion, the sixth by-law was amended by substituting the word 
"secretary" for the word "librarian." 

The secretary was instructed to report a revision of the constitu- 
tion and by-laws to the Academy at the next annual meeting. 

Professor Sayre announced that an invitation had been received 
from the city of lola, asking that the next meeting of the Academy 
be held there. 

On motion, the Academy adjourned sine die. 

D. E, Lantz, Secretnrp. 
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CONSTITUTION. 

Section 1, This association eball be called the Kansas Academy 
of Science. 

Sec, 2. The objects of this Academy shall be to increase and dif. 
fose knowledge in the various departments of science. 

Sec. 3. Members of this Academy shall consist of two classes, 
active and honorary (including associate). Active memhers may be 
annual or life members. Annual membei-a may be elected at any 
meeting of the Academy, and shall 'sign the constitution and pay a 
fee of one dollar and annual dues of one dollar ; but the secretary, 
treasurer and librarian shall be exempt from tbe payment of dnes 
during the years of their service. Any person who shall at one time 
contribute twenty dollars to the funds of this Academy may be elected 
a life member of the Academy, free of assessment. Any member who 
has paid dues to the Academy for ten consecutive years, or who has 
been legally exempt during any portion of that time, may be elected 
a life member on tbe payment of ten dollars. Any member who has 
been a member of this Academy in good standing for twenty years 
may be elected a l\t'e member without payment of further fees or dues. 
tfo/iorflrymewJers may be elected on account of special prominence in 
science, on the written recommendation of two members of the Acad- 
emy, In any case a two-thirds vote of members present shall elect 
to membership. Applications for membership in any of the forego- 
ing classes shall be referred to a committee on applications for mem- 
bership, who shall consider such application and report to the 
Academy before the election. 

Sec. 4. The officers of this Academy shall be chosen by ballot at the 
annual meeting, and shall consist of a president, two vice-presidents, 
B secretary, and a treasurer, who shall perform the duties usually per- 
taining to their respective offices. The president, secretary, and treas- 
urer shall constitute an executive board. The secretary shall have 
charge of all the books, collections, and material properly belonging 
to the Academy. 

Sec, 5, Unless otherwise directed by tbe Academy, tbe annual 
meeting shall be held at such time and place as the executive com- 
mittee shall designate. Other meetings may be called at the discre- 
tion of the executive committee, 

(11) 
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Sec. 6. This constitution may be altered or amended at any annnal 
mee.ting, by a vote of three-fourthe of attending members of at least 
one year's standing. No question of amendment ahall be decided on 
tbe day of its presentation. 

BY-LAWS. 

I. The first hour, or such part thereof as shall be necesBary, in 
each seBsion, shall be set aside for the transaction of the busineee of 
the Academy. The following order of business shall be observed as 
far as practicable : 

1. Opening. 

2. Reports of officers. 

3. Reports of standing committees, 

4. Appointment of special committees. 

5. Unfinished busiueea, 

6. New business. 

7. Reports of special committees. 

8. Election of officers. 

9. Election of members. 

10. Program. 

11. Adjournment. 

II. The president ahail deliver a public address on the evening of 
one of the days of the meeting, at the espiration of his term of office. 

III. No meeting of this Academy shall be held without a notice of 
the same having been published in fhe papers of the state at least 
thirty days previous. 

IV. No bill against the Academy shall be paid by the treasurer 
without an order signed by the president and secretary. 

V. Members who shall allow their dues to remain unpaid for two 
years, having been annually notified of their arrearage by the treas- 
urer, shall have their names stricken from the roll. 

VI. The secretary shall have charge of the distribution, sale and 
exchange of the published transactions of the Academy, under such 
restrictions as may be imposed by the executive committee. 

VII. Eight members shall constitute a quorum for the transaction 
of business. 

VIII. The time allotted to the presentation of a single paper shall 
not exceed fifteen minutes. 

IX. No paper shall be entitled to a place on the program unless 
the manuscript, or an abstract of the same, shall have been previously 
delivered to the secretary. 
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OFFICEB3. 
Elected December ^. ISOO. 

indent Epbrsim Milter Lawtence. 

y^^^" i il^ffi;;:;;;;:::::::::::: IT^. 

Secretary D, E. Laotz Machnttan. 

Treasurer E. C. Fraaklin Lawrence, 

Librarian B. B. Smyth Topeka. 

f B-B-Bmylli Topeka. 



UOKORARV HEMBBBS. 

Rev. Johns D. Parker, Post Chaplain East Orange. N. J. 

Arnold B. Johnson, Lighthouse Board Washington, D. C. 

W. A. Kellerman, Ph. D., Ohio University Columbua, Ohio. 

Edw. L. Niohois, Ph. D., Cornell University Ithaca, N. V. 

W. 8. FrankliD, Ph. D., Lehigh Universitj South Bethlehem, Pa. 



Mrs, Mary E. Mudge Manhattan. 

Mrs. Mary Savage Lawrence. 

LIFB HSUBBRa. 

8. A. Baldwin Wabauoaee. 

F. W. Cragin, M. 8., Colorado College Colorado Srings. Colo. 

1. D, Graham, B. A Topeka. 

Joseph T. Lovewell, Ph. D Topeka. 

Pater MoVicar, D. D.. Washburn College Topeka. 

J. R. Mead Wichita, 

Ephraim Miller, Ph. D., Kansas University Lawrent^e. 

Edwin A. Popenoe, M. A., Agricultural College Manhattan. 

B. B. Smyth. Aaademy of Science Topeka. 

Francis H. Snow, Ph. D., Kansas University Lawrence. 

A. H. TbompaoD, D. D. S Topeka. 

D. M. Valentine, LL. D Topeka. 

8. W. WilliBton, Ph. D., Kansaa University Lawrence. 

ACTIVE MBUBSRB. 

Geo. 1. Adams, Ph. D WaahingtoD, D. C. 

Orr Adama Tellurida, Colo, 

L. D. Arnold, Sallna Normal Uoiversily Salina. 

E. H, S. Bailey, Ph, D., Kansas Univeraitj Lawreaoe. 

Elam Bartholomew, M. S Rockport. 

Edward Bartow, Ph. D. , Kansas University Lawreuoe, 

Wm. C. Bauer, A, M., Baker University Baldwin, 

J. W. Beede, Ph. D., University ol Indiana Bloominglon, Ind. 

Lucisn I. Blake, Ph. D., Kansas University I,.awrence. 

8. R. Boyce, Ph. G Ann Arbor, Mich. 

(16) 
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Davifl Boyles BalioB. 

C. M. Breese, M. 8 Manbattan. 

Arthur Bridwell, Baker UniTersity Baldwin. 

J, C. Bridwel), Baker University Baldwin. 

L. P, Brous TorrBon, Mei. 

W. Barnum Brown Coeta Rica. 

Edw. Bumgardner, M. D., Lawrence. 

F. W. Bushong, B. S. . Chicago Univereity Chicago, 111. 

H, P. Cady, B. A., Kansas University Lawrence. 

Gbas. B. Caldwell San Jose, Costa Rica. 

M. A. Carleton, M. 8., Agricultural Department Washington, D. C. 

E. C. Case. Ph. D Milwaukee, Wis. 

H. W. Charles, BuperiDteadent city schoola Waehingtan, Kan. 

T. D. A. Cockerell, Ph. D East Las Vegas, N. M. 

J. C. Cooper. Topeka. 

H. M. Cottrell, Agricultural College Manhattan. 

W, R, Crane, A. M., Kansas University Lawrence, 

F. F. CrevBCivur Onaga. 

F. B. Dains, B. 8., Chicago University Chicago, III. 

John S. Dawaon Hill City. 

S. A, Diel, Baker Univeraity Baldwin. 

R, B. Duntevy, B. B., Southwest Kansas College Winfield. 

A. St. C. Dunstan, C. E Auburn, Ala. 

L. L. Dyehe, M. 8., Kansas Uniiereity Laivrence, 

Frank Ellsworth Effingham. 

Arnold Emch, Ph. D Boulder, Colo. 

D. E, Esterly. M. D Topeka. 

B. F. Eyer, Agricultural College Manhattan. 

Frank E. Forbes Topeka. 

E. C. Franklin, Ph. D., Kansas University Lawrence. 

C. N. Gould, University of Oklahoma Norman, Okla. 

G. P. Grimaley, Ph, D., Washburn Colle^ Tojieka. 

C. F. Guslafson, McPherson College McPhereon. 

H.J. Harnly, B. 8., McPherson College McPbersou. 

J. Arthur Uarrle Lawrence. 

W. A. Harahbarger, B. S., Washburn College Topeka. 

Erasmus Hawortb, Ph. D., Kansas Univecaity Lawrence. 

E. H. Heaeock, B. S., high school Topeka. 

H. V. Hinckley, C. E Topeka. 

A. S. Hitchcock, M.S., Agricultural Department Washington, D. C. 

C. B. HolTmaa Enterprise. 

Rosa Hopkins Baltimore, Md. 

S. J. Hunter, A. M., Kansas University Lawrence. 

Then. M. Iden, Normal School Emporia. 

T. B. Jennings, U. 8. Weather Bureau Topeka. 

Carl Johns, Bethany College Lindsborg. 

El N. Johnson, Campbell University Hotton. 

A- W. Jones, B. 8., Wesleyan University Salina. 

Hugo Kahl, Kansas University Lawrence. 

V. L. KelloKg, M. S., Leland Stanford Jr. University.. . Palo Alto, Cal. 
W. H. Keller Wetmore. 

D. 8. Kelly, A. M Emporia. 
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W«rren Knaua, M. B McPhersoo. 

E. B. Kdbit, 8c. D.,Uidland Collage Atchisoo. 

C. A. Kr»D«, B. S Lawrence. 

r\. K. LaDgvionixf AtcbiwD. 

:. LsDtz, M. 8 MuibfttUn. 

W. N. Logan, B. 8..' Beloit. 

D. F. McFarland Lawrence. 

C. L. Marlatt, M. 8., Agricultural Departmect Washingtoo, D. C. 

F. A. Marlatt, M. 8 Manhattao. 

ChaB.H. Martin Topefea. 

T. O. Marvin, C. E., Kanaaa Univeraitr Lawrence. 

R. Matthews, D. D. 8 Wichita. 

O. Maad McPhersoo. 

Oraca R. Meeker. Ottawa. 

O. F. MeoDiager, M. D Topeks. 

Mm. A. H. Merrell Topeka. 

Deoi, L.Miller, B, A., Peon College Oskalcosa, Iowa. 

L. N. Moraober, Lawrence. 

E. C Murphy, 0, E., Kanaaa Univetaitj' Lawrence. 

H. L. Nelaon, Washburn College Topeka. 

J. II. Ncwby Osage City. 

11. B, NewHon, Ph. D., Kansas University Iiawrence. 

A. M. Nieaen. A, M., public school Wetmore, 

Matthew Noll. Ph. G Atchison. 

J. B. a. Norton, B. U., Miaiiouri Botanical Garden St. Louis, Mo. 

['. II. Otis, M. S., Agricultural College Manhattan. 

Walter K. Palmer, M. E., Kansas Uolrersity Lawrence. 

C, 8. PnrmpDter, A. M., Baker Uoiverslty Baldwin. 
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Man's attitude to the exteroal world has ever been that of a great queetioa 
mark, and at do time is the biBtor? ot the race has mere desertion carried ao little 
weight as Bt the present time, Every statemeot must be backed bj aome eri- 
dence of truth, some argument for its validity. New knowledge is always built 
on previous knowledge ; and both are accepted only in so tar as they are confirma- 
tory ot each other. 

Among the rery firat questions which come to the inquiring mind are: Uow 
came this world into being* Whence the sun, the moon, the stars? What is 
this material world about us, anyway ? What child bos not queried about the 
support of the earth ? These questions are not only put to-day, but they claimed 
the thought of milleniuma ago. Never was question put, however, but some an- 
swer was evolved by poet or sage. Thus, many ot the legends, heathen and 
Christian, accounting for the phenomenal world are rich in poetic beauty, and 
they have soothed the questioniug mind, if they have not always entirely satis- 
fied it. 

It would doubtless be of much interest right here to recall some ot the ideas 
that have prevailed among various peoples as to the origin of the earth and 
heavens, and the destiny ot their inhabitants; but I shall retrain from so doing, 
and proceed at once to a consideration of a view ot the universe warranted, in 
my opinion , by the revelations of modern science. 

Notwithstanding the great diversity everywhere manifest in the universe, 
there is an essential unity in it all. The very name "universe" implies such 
unity. Everything is under the reign of law. There is a wocdertui harmony in 
it all. 

'the world or universe considered as a system, per- 

;; opposed to chaos." 

nvestigate this "order," and so far as possible discover 

arrangement," Some of these laws have been recog- 

C discover;. Such are Newton's laws, Kep- 



The cosmos is defined ai 
feet in order and arrangem 

Our purpose n 
the laws manifest 
nized tor ages; others are of m 



3 laws, .\vogadro's law, Daltoo's law, Lane's law, etc. It is not meant that 
these laws govern the movements and states ot matter as a civil law governs the 
citizens ot aatate, but merely that they are generalized statements ot the conduct 
of matter. Natural science is nothing more than an orderly investigation into 
this orderly conduct of matter. Ooe investigation leads to others. No sooner is 
one truth in nature recognized than it suggests others to be discovered and formu- 
lated. 

The pervading principle of all nature is harmony. Holding to the truth ot 
this statement, 1 desire in this paper to carry forward certain generally accepted 
(20) 
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bypotbeeea in physics and chemistry to more ultimate conclusioDB than, so far as 
I know, have hitherto been attempted; and tberebf t hope to suggeBt a theory 
ol the coemoB. 

Of necessity this diacusaion will be somawhat epecolatirei for it will have 
much to do with the ether, a medium in itself a mere speculation of science, as 
yet undemonstrated to any ot our senses. Light reaches us from the far distant 
stars. We can conceive of no way whereby that light cao come save as a vibra- 
tion of some lnt«riKniDK medium, and science bas named this bypotbetical me- 
dium the "luminirerous*ether." We are safe in admittinK its eEistence aa 
demonstrated by the phenomena of light, heat, and electricity, though we caODOt 
weigh it, nor can we see it, feel, taste or emell it. 

A coaiplete theory of the cosmos must account for all pbeaomen a observed. 
We may graot that beat and light are fully accounted for, but ibere are other 
outstanding phenomena as yet unexplaiced. Borne of the unanswered questions 
are; What is electricity? What ie gravity? What is life? The work of the 
scientific investigator ie far from complete. The above questions need but to 
be mentioned to suggest that, glorious as bas been the record of past discovery, 
the future will far outshine It in brilliancy. 

Nature's primal law is harmony. There is endless variation, yet harmony in 
it ail. There is no harper on themes like nature. She discovered that she 
could propagate a polyp by an egg; and she never forgot the process. even in the 
perpetuation of the highest of animals, and man must come into the world by the 
egg route. A simple protosoan cell can make its way in the world by appropri- 
ating from all that comes to it only that which is for its good, rejecting all else; 
and what more is the highest mammal than a great organized aggregate of vital- 
ized, protozoan-like cells, each one of which does that very thing — appropriates 
from its environment the nutriment it needs, while it rejects all else V The laws 
of planets about the sun are the lawsoF satellites about the planets; and the; are 
the same lawsfor the winds and streams and ocean currents about the earth — the 
laws of gravitation ot bodies about their common center. W^hy may we not expect 
these laws to hold in the molecular world of physics and in the atomic world of 
□betoistry 1 A atone Is dropped into a quiet pool, and the lawe of the circling 
waves bave been formulated aa Ibey apply in the mass movements of Huids. 
Theee laws have been applied with auccesa to the explanation of sound propa- 
gation in air and to the phenomena ot light propagation In the ether. Some 
have ventured to extend the theory to electric propagation : and why not ? Why 
not go a step further, and find a theory for gravity based on the aame laws? 
Heat, light and electricity are regarded by some as correlated forces. Why not 
class gravity with them? They are all certainly capable of having their energies 
interchanged. We find the theory of vibrations good for explaining sound, heat, 
light, and some apply it to electricity. Why not extend it to the realm of gravity 
and chemiam ? The ail-pervading harmony in nature certainly encourages us 
so to do. 

In its elTorts to unravel the mysteries of the material univerae the human mind 
has ever run up against the hitherto unsurmountabie barrier of gravitation. A 
Stone thrown into the air falls to earth again — why f The wise have ever declared 
that it does so because the earth attracts it ; and moet people have been satisfied 
with the answer aa a simple and complete solution of the problem. But that 
this was no explanation of the phenomenon was recognised as long ago as the 
time of Sir Isaac Newton. He himself declared, and we must admit the self' 
evident truth, that one object cannot act upon another at a distance save by 
some bond ot union between the two. Between the tailing stone and the aa^^.^ 
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exists DO elsetio cord whereby the latter pulls the former to itself. How, then, 
is it tbat the atone falla to the earth t Why does the idood fall toward the earth f 
Why do the moon and earth together aod all the other planets fall toward the 
Bun f Why does the bud, with hie retinue of planets and their satellitea. move 
through space toward some other center? lo short, we would ask; Why any 
of this motion of eCars and comets, of suds and satellites? To say that they so 
move under the law of gravity does not tell us w/n/ they so move. Newton rec- 
ognized the force of this: but even his great mind could leave us no plausible 
explanation. But the two centuries since his time have revealed many things 
unknown t« the great master: and. though the eiplacation of the ci 
perience of falling is apparently a 
may collect a few hints in the vi 
theory which may be of interest t 

The two great natural b< 



mting now as then, yet perhaps we 
us fields of science, and on them hinge a 
mtemplate, if not productive of better re- 

■B chemistry and phyeic 
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3 them hinge 
all othen. The more subtle of the two, chemistry, has for its realm that of the 
atom ; the other, the grosser, physics, deals with the molecule and molecular ag- 
gregates, masses. Now, who shall deny that possibly some day we may have a 
third grand science, more subtle still than either of the others. This third 
science is as yet unnamed, but its province ia broadly hinted at already in the 
speculations of the other two. Its field shall be the ether; therefore, call it 
*' etherics." True, physics ia claiming the ether as a part of its domain in seek- 
ing to investigate and explain the pheaomena of light and electricity. But is 
not this clearly a usurpation, inasmuch as light and electricity are admittedly 
eitraueoue to the molecule? 

And again, chemistry is claiming a part of this field when it attempts to trace 
the genesis of the elements, aa is implied in their grouping into families by the 
periodic system, as if they had a common progenitor. Aa yet we can go no 
farther in our explanations for the formation of the various chemical compounds 
than to say that they result because of the chemism that exists between the 
several elements constituting the compound; that is, the affinity that one ele- 
ment has for another. This third science will have for its province the capacity 
to step back of that affinity and explain u'hi/ it ia; why, for inatauce, oxygen has 
a stronger afRnily (or hydrogen than for any other element, and a weaker affinity 
for fluorin l.han for any other element: just as also it will tell us u'ft}/ a stone 
tossed in air falls to earth again. 

The term "molecule" ia a theoretical conception to account for the facta of 
physics; and it does so very successfully. The atom is a theoretical conception 
of the chemiat, introduced to account for the (acts o( chemistry. He will tell 
' you that the molecules of a few elements are made up of but a single atom each ; 
while most elemental molecules contain two atoma, and others may contain three, 
four or six atoma; and a molecule of an organic compound may contain as many 
as a hundred or more atoms: yel he can never hope to perceive an individual 
atom by any of his senses, though ha may weigh atoms relatively and speak o( 
atomic masses confidently. 

Thus we have the molecule for physics, and the atom for chemistry. Our 
thirdsrience,etbericB, must also have its unit, and we shall callit the"protatam." 

Though our name for this particle smaller than the atom Is new, the con- 
ception of the existence of such small particles is as old as Prout's theory of Che 
composite nature o( atoms, and probably older. More recently, Lociiyer's spec- 
troscopic investigations of certain chemical elements point to sim 
and Prof. J. J. Thompson, in a Royal Institute address on the cathode rays, de- 
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liTend April 30, 1897. preseoted mathematical results iodicntiog that the "psr- 
ticlea carrying the electric charges" in those rays must be very much smaller 
than the hydrogen atom. 

But before we speak further of the protatom and the role it ia to play in our 
theory of the cosmos, let ua examine the prevalecit theory of the etber aa set forth 
by modern physicists. By them the etber is defined aa a continuous medium 
pervading all space, intermolecular and interatomic, as well as interstellar: per- 
fectly elastic and exceedingly attenuated ; without gravity: imponderable. There 
are here several qualities assigned to the ether which are contradictory and, for 
that reason, illogical. How can a substance be elastic and at the SBme time ab- 
solutely coDtlnuoua ? To be elastic it must yield to stress or presaure io the re- 
gion where the straio is applied, and then, on the removal of the stress, it must 
return completely to its original position, if perfectly elastic. Now, if a space be 
already full of the ether aa such, bow is more of It to be conceived to be crowded 
Into that space T " By making the ether more dense In that particular region," it 
maybe sold. But "density" Isarelatife term, and implies that b greater or less 
quantity of matter occupies a definite volume. The quality "deaaity" cannot 
logically be predicated of a substance which is already aupposed to Jill all space. 
It a measured space is absolutely filled with a substance no more can be intro- 
duced, and none can be abstracted without leaving the space incompletely tilled. 
Here, then, we find a plain contradiction of statement, when it is asaerted of the 
ether that it is perfectly elastic and also that It occupies all space. 

The ether ia also said to be 'imponderable." It that be the case, how can it 
have mass ? How can it resist action and thereby produce reaction ? That ia : 
how can It propagateenergy,orconvey energy, or impart energy? That it does all 
this we know from the phenomena of light, electricity, and radiant heat. In a 
certain sense a mass may be so positioned that it will "weigh nothing," as would 
be the case of an object located between the earth and the moon at the place where 
the "attractive forces" of the planet and satellite exactly neutralize each other; 
but even in that unique position that object would Dot be imponderable in the 
sense in which that term Is meant to be applied to the ether. Juat aa much 
force would be requisite to impart to a unit mass of that object a velocity ot one 
centimeter in one second out there In Bpace as would be necessary were it at the 
earth or ivere it located anywhere else in the universe. Balancing the forces at 
play on a mass does not render it imponderable. Were the mass imponderable, 
it could be put in motion at any velocity whatever without the application of 
force. This is impossible with any mass whatever; therefore the term "impon- 
derable," in its true physical sense, cannot be applied to matter of any kind. 
Now, we know force la necessary to produce motion in the etber. The carbon 
filament in an incandescent lamp must be at least red-hot in order to establish 
those waves in the etber we call light. A dynamo must be run by a steam-engine 
or by some other power to Induce those waves in the ether about conductors, 
which waves we call electricity, and the energy of which Waves brought under 
ccDtrol runs our street-cars and turns the nigbt of our cities into day. There is 
every evidence that a dyne force would be necessary to impart to a gram mass of 
the ether a velocity of one centimeter in one second, as is the case with all other 
forms ot matter. Tbe ether is therefore ponderable, and a gram mass of it would 
be such quantity aa a force of one dyne could bring to a velocity of one centime- 
ter per second, if applied for that interval. 

Let us have a better notion of tbe etber than this attempt at a conception of 
an imponderable yet forceful, exceedingly attenuated yet infinitely continuoui 
perfectly elastic yet incompressible, alt -pervading, Jncomprehenaible form c 
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IDAttCT to (lilTpmit from e*«r7 other torjn tbst it ia {niizliiig to know vb; tfat>e« 
wl)i> are reapocaibk for aoch tbeories of the ether ever thought of it aa matter 
■t all. 

The ether is nudoabtedlf a form of tDatt«r; and aa such it nuat present all 
tba eawDtlal propertiea of matter: elasticity, impeaetrabilitj, inertia, maas, aod 
irurit muat be doD« to put it in niotioD. Let us get a conceptioc of the ether 
wbicb will admit of all these eaaeotial properties of matter, acd ichicb will 
elhniaate tbe (v>i)tradii! lions of the old tbeoriee. Let us think of the ether am 
mad* Dp o( pfotatoms — particlpB wbicb constitute the atoms of the tangible ete- 
BMlita about us eferywhere. Let us suppose these protatoms to be separated 
from Mich other by dixtAncea which are great as cooipared with their owu di- 
Bmet«ra: and let us conceive of tbe spaces betveen these protatoms as absolutely 
void—DotbiDg there at all. The cooceptioo of empty space is not beyond tbe 
biimao niiDd, aa some have conteoded; for spaoe is only pure eiteosion, which 
may l>e occupied by matter or not, according to circumstancee. 

O Be more conception is necessary: that of motion. Our protaloiDS must be 
)o (uolIoD. But vheocethemotioD? isaslied. Aswellask: Whence the matter? 
Matter and motion of matter are coriistent. These are the two fundamental 
Ideaa of the material UDiverse. Upon them Is built tbe cosmos. Is matter eter- 
oal? ao la tbe motion of matter. The approach of particle to particle, tbe recoil, 
tbe con*ei|uent approach to other particles, and recoil, are as eternal as the mat- 
ter itself. Whence it is do science can tell, as no acieoce can tell whence the 
niltter with which it deals. .Absolute rest, absolute absence of this approach 
aod recession of particles and mosses, would be as difficult of explanation did 
■ucb A oooditioD of affairs eiist in nature. 

Urisfly, the cooceptioa of tbe etber which I desire to suggest is: that it is 
constituted of minute particles which 1 call protatoms; these protatoms may be 
of various elcee, but all are minute as compared with their mean distances apart 
Id Ibe otherwise void space ; in this void space they move with a great range of 
Tplocitini in nvery direction, and hence they are coctinually colliding and re- 
bouodlnic, with nodiminutiou, however, of their sum total of energy; tor what 
motion la lost to one protatom. owing to the angle of impact, may be found as im- 
parted to the protatom struck, all being perfectly elastic. 

Owing to their varying distances npart and to their variance In size and ve- 
locity, a tendency to grouping will arise, if indeed the eniBtence of groups may 
not bu considered aa a primal condition. This will be a selective grouping, anal- 
ogous to that s«eD in the case of concretions and other grosser aggregates, such 
as crystals, "pillow witches," hair balls, etc. Groups of like size and weight 
will sbow like properties. They will constitute the chemical atoms. Thia vi- 
bration of the ether protatoms will continue to play on the atomic aggregates, 
not AS aggregates, but as they strike and rebound from the individual constitu- 
not protatoms of tbe atoms. Some of the free ether particles may even pene- 
trate to aoiua depth among the protatoms of the atoms before they strike a 
rsaUtlng particle, and thereafter may be a part of the atom, while others at the 
periphery of the atom will swing out into the free ether, and again become inde- 
pendont protatoms. Thus the atoms are not absolutely constant in tlieir mass, 
and recent investl gat Ions on the atomic weights of some of the elements lend 
argument to this view. An average mass for the atom would be maintained, the 
lo«M under the action of the surrounding ether l>alBncing tbe gain, as is the 
oaae of the formation of pillow witches in a pillow of feathers.* 

Th« atomic aggregates which are comparatively near would shield each other 
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to k greater or less extent from ether Jmpacte on their sides facing each other, 
and would thereby be driven together. Thus would arise the molecules, their 

■s also beiDK determined on the same principle as that which determined the 

B of the atoms. Atomic aggregates of like size and vibration asBOciated to- 
gether would constitute molecules of elements. LJut when atomic aggregates of 
unlike size and vibration are brought into proximity they may be driven together 
in greater Dumtiers, and because of their very difference they may be held to- 
gether with greater force. Thus very complex molecules may arise, as in organic 
mpounds. Here, then, in the vibration of the protatoms of the ether we find 
an explanation of chemism, 

But we shall &nd more. The molecules are under the same influence of prot- 
atomic vibration, and are driven together by their interior faces being shielded 
to some degree from impact, thus making a preponderance of impulse on the ex- 
terior; and we have aggregates of molecules resulting, ranging in size from 
e than microscopicaliy small to those we can handle, and others too 
large to handle. Thus we find cohesion and adhesion explained. But we hava 
yet more. The masses in turn shield each other from the impacts of etb^r 
waves, and the blows are more numerous on their exterior faces than they are on 
their sides turned toward each other, and in consequence they are driven to- 
gether, or at least toward each other. Herein we find an explanation of grariiy. 
Remember, the impacts are not of protatoms moving immensely long distances; 
this is no "corpuscular" theory. The motion is a wave motion, and the masses 
are not struck as such: but the individual protatoms at the surface and to some 
depth have received the impacts, taken up the motion and Imparted it to the 
next series of protatoms toward the Interior, then rebound. Thus the whole 
body Is influenced to move by reason of the motion imparted to its constituent 
protatoms. 

Therefore every material body, however small or great, tends to move towards 
every other body, being driven to do so with a tendency directly proportional to 
their masses, and inversely as the square of their distances apart. To say that 
they attract each other is meaningless, but to say that they are driven together 
under the force of e'/itr rtbrtilionn may be an explanation. 

But how is it possible that the external pressures due to ethereal Impacts on 
the two masses are greater than the pressures due to the impacts against the in- 
terior faces y 

To explain how this may be we will recall a very iotereeting experiment in the 
physics of sound, as follows: If two tuning-torka are suspended near to each 
other and are made to vibrate they will approach each other. Various expla- 
nations for this and similar phenomena have been given, the usual one being that 
they are due to air currents establishe<l. The explanation I would offer is: The 
souod wavee of condensed aud rarefled air between the two forks meet and 
neutralize each other to a greater or lees extent by crests of condensation meeting 
troughsof rarefaction, while the pressure of the air on the more remote sides of 
the forks remains practically the same. Thus the forks are driven together by 
the excess of pressure from the outer sides, 

Now, let us apply this to the ether. According to our theory, the protatoms 
are In eternal motion, meeting and rebounding continually. For the most part, 
this motion in the outer ether is chaotic; that Is. It lacks rhythm. But even Id 
such a chaotic ether there must exist regions where the protatoms are more 
numerous and closer together than in other regions. The irregular vibrations 
ntrikiDg Into such aggregates will be more or less absorbed; that is, the motion 
will become, to a great eitent, a rcndtant motion, beloDging to the aggregate aa 
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«Im vutw tiwutkr MlMir, but k iww Bii OTgaolMd «wt«. Should Am be but w 
•wi Munv^t*' Uw uricMiVzMd «st« would iviiB baeone tMvbBS np bj tfaa lUli- 
•u«(« f'tuodwvuu* of lo41t-ldw«l tn|«cl« aa It novM tm ifito the chaatk atfaar, 
*ud tb« al*i((l« aMfraiftt* «r* bar* twao oonridw^nK wodd not be Bbifted in simob. 
Ilvt tnipimuit jtoutliar •W[r*|»tioa «f prvtAtoma in tb« rkicitjr. This ia alao le- 
i-lrtuK ctuM/Ov liiiiMcla ftuin all tidaa, aod aMtdiucont orgaoizcd warea: bntoa 
lit* ftiiM IwrbwJ tijward tha n«lKb(>orlU|f aKfra^ata it ia alao r«c«tTing Tare im- 
|WHa. Tba wavaa ttiu* \ir<n/ati*ird IwtirarD tbeae nt'igbiiOTiag aggref^ua will 
liauNMWrllx UiMiU-ailKn aticb oUior to auiue »>t«i]t. a> In Ibe cue of tuning-foika 
• llifallof lu air, *uil Iti* rwrult ta lb« ttflltf^V**" ar« driven toward each oUier. 
Th»t luwrl anil rKtwund, "r clri'la aliout eacb otber, accordicig to their maflorw, 
trfctlijua NWtl'/iia, Biid rwullant <ilr«ctioin taken. They are a "roolecnle." Tba 
aaiiu* t'Hii"l|>lM buld yiixil fur largirr BSKr*"!!"!** and axSi^atioDB of aggr«gal«B. 
Tfil* It (/mvliij. It (■ mott. It la a poralatiuit lu-lDoiple throughout tbecoamoe. 
It la ttta iiauaa itt uiJiaabtD, of adtiealop, of ohemlaui. Electridt^. light, magoet- 
lafli, ara dua ii> mot» 'irdarly waTva. Thny am tha onea we can ia a meaauie 
liaiidla. 

If wa oali In a rriaaaura mntml thew) wave* bntwaea bodiea, we can to the ex- 
tant Iff that (Hinlriil annul tho forcn of gravity. What more la magoetiain than 
tlia 0iBralaa u1 auoli (Niutrul 1 A magnnt will preveiit a bit of iron from falliDg; 
llial In, thH gravity wavaa balw««li the warth aud the bit of iron fall tar abort of 
iiiiiilrftllKliiH HHi^li (ithar to Ibn aibiiit that iitbir waraa l>etween the magoet and 
Ilia iiiuiiH of Iron ara naulrallxnd i and tho lutter two are driven togetbnr with con- 
alilnritbln tiinw, 

Again, gravity action la i>irirrci)me hy "atntic alectrlc charges." What la an 
"•l*alrinMl"liadyir It la una whuw nlumaaDd protatoms have been thrown into 
auoh h itnln iif vllirallnn that a iirapondi^rBncn of the ether impacts they suffer 
ara liarmiinlMM], and tha enargy ot thu impaoti Ik given out as tbat of definite 
wavaa In tha nlbnr. Tlio waves from a "poaltlvnly " charged body neulralue 
llixa* friim a " iingatlvnly " nhargtHl body to an unusually marked degree, and the 
Iwii ars ilrlvan liigathnr with a very pnrmiptlble force. They touch and are "dis- 
I'liargwl." Hut what la a '•dlseharge"r It Is almply n breaking up of the 
liravloiiily Induoail oondllinn of regularity of vibration of atoms and protatome 
wblrli waa oallml " rhsrglng." But how is a body charged f Break a lump ot 
aiiiinr, and tlia two halvoa Iwcomn cWtrlHtid. The atoms are set Into regular vi- 
tiratluii by tha ttiplura, just aa a tuning-fork is sat Into vibration by auddanly 
rulaaalng lla pronga from praaaur*. All friotlonal charges are duetoaaudden 
aaparntlon ot iiarttolea, But an Heotric cbargr may tioobliiinpd by induction: so 
nail s Inning hirk Iw avt to vlbrktiug by the sympathetic vihratioa of another 
fiirk <tl Ilka plloh. IndiXKl, all fcrmaof electrification, current as well aa static, 
«iay be Mid l.i Inliere In vlltralktnH eatabllahed either by sudden separation of 
|HM Itiilna, whetb»T by machantcal friction or by chemical action, or the vibrations 
nr* •alahlUhMl by liitluclton. 

I>'tirlh«nmin>. wemay know now what b«>oomMu( energy radiated "into space." 
or all tha haat ami light radlalail froiu tha aun. only a very small part tails upon 
the luaiubara i4 tha attlar ayalaai, and a atiU smimar portion alrik«« the members 
*\t iHttor ayaMiM, ^m suu U but a point of light aa riawad trom tbe othar stars. 
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Wbat of the vast, Bpparentl; waaled, energy that must go on, and on, and an, 
through space? Is it lost? I answer, No, It abides; it remaias in tha ether; 
not as ligbC, not as beal radi&tion, cot as electricity, uitimately, but as grav-'it}/, 
reduced to the primal condition of energy ; chaotic, protatomic vibratiOQ of the 
ether. From this primal condition it may again be reorganized into regular 
•,Bot definite length, and therefore of defiti its name, as light, or heat radiation, 
or electricity, by traversing atomic and molecular aggregates. Thus do we round 
out one more cycle in this great universe of cycles. 

An aetronomicftl problem of interest ia the question of frictioo in the outer 
ether. Why are not the planets and comets retarded in their oourses_by friction 
with the ether f Even the tails of comets are not slowed up in their paBaage about 
the suD. Instead of these bodies being retarded by the ether, our theory discov- 
ers in the ether their very propelling medium. It la the ether impacts which are 
driving the Comets toward the sun and the sun toward the comets by the organi- 
zation of waves between them, as between all other bodies, as we have endeavored 
to show. 

By our theory of the cosmos, electricity and gravity are oocsidered as forms of 
energy inhering in the ether vibrations, By this view they become correlated 
with light and radiant heat. Thus we avoid the old, cumbrous and inexplicable 
conception of electricity, which regards it to be a form of fluid matter, imponder- 
able, incompressible, entangled as it were in the ether. We afflrm of such a no- 
tion of the "electric matter" what we have asserted of a like conception of the 
«ther: that it is illogical, and, therefore, impossible. 

Gravity is usually spoken of loosely as a force, and not as a form of energy. 
Force is a tendency to pri>duce or alter motion in matter. The force may be ex- 
erted and nieasured without the motion actually resutting. because it may be 
balanced by an eijual counteracting tendency. We have found by our theory 
that gravity is inherent in the moving protatoms of the ether. It is there by 
virtue of that motion, and is therefore a form of energy, just as heat la present 
in a material mass by reason of the vibralion of its molecules, and is therefore a 
form of energy. Motion of matter is essential to all forms of energy. Without 
motion the idea of energy is inconceivable. 

Bfiefly slated, the conception of the cosmos which I wish to suggest is: The 
material universe ia made up of matter in eternal motion. All is matter and mo- 
lion of matter, The masses, as we know them about ue, large and small, are made 
Up of molecules in motion. These molecules may meet and rebound or swing 
about each other iu their movements, but they are never in permanent contact, 
80 email are they that their existence cannot be detected as individuals by any 
of our senses, yet their existence is established by the principles of physics. The 
molecules in turn are conceived to be made up of atoms, to satisfy the demands 
of chemistry. And now, I hold that the atoms must be subdivided into prot- 
atoms, to conform to the demands of etherica ; that in the motion of these various 
aggregates of matter inheres the energy of the universe — as energy of mass mo- 
tion in the movements of sensible masses; as heat in the motion of molecules; as 
cbemlsmin the motion of atoms: and Bslight.radiant heat, electricity, magnetism, 
gravity, in the motion of the protatoms of the ether: that the ether itself ia 
made up of protatoms, as yet unassembled Into atoms, more or lees evenly dis- 
tributed, with absolutely void spaces between them; that across these spaces the 
protatoms move unhindered until they collide with other moving protatoms, when 
they rebound with undiminished energy because of their perfect elasticity: that 
the energy of this ultimate individual protatomlc vibration ia gravity; that this 
protatomic vibration becomes transformed in the atomic, molecular, and mass 
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Bggregntea into the resultaot energy of orgaaized nrnTes: that the waves nhicb 

are emitted on the sides of bodies tscing each other are more or less aeiitratized, 
thuB allowing o( a greater pressure on the outer aides, and thereby causing the 
bodies to be driven together. Finally, the theory presented discovers a complete 
cycle in the tranafonnatioD of energy. Hitherto the energy dissipated into space 
has found no explanation tor Its oonaerration and return. The theory presented 
herein recovers that energy in gravity, ready to bo again tratiGformed in endleaa 
changes. 



A BRIEF OUTLINE OF ECOLOGY. 



Ad BHdratB dclWared before tlie Aoadsmr. Bt Topeka, Den-mberES, ISOO. 

I have been requested by the Academy to present a paper upon the subject of 
"Ecology.'' On account of numerous other duties, I have decided to make this 
subject the title of the addresa expected of me this year as retiring president. 

The word "ecology" is of recent origin. The word seems to have been first 
ased in 1991, by Strasburger. a German botanist. He says, in his discussion of the 
BUbjeet: "Anpassungslebre oder (Ecologie, falschlich jetzt als Biologie bezeich- 
net, da auch doch Biologie uberhaupt die Lehre von den lebenden Wesen ist." 
In 1S93 the Madison congresa considered, among other matters, the terminology 
of plant physiology. It fell to me, as a member of the committee appointed to 
formulate suggestions, to present our conclusions upon the subject of ecology. 
It was recommended that tbe term "ecology" be used for that part of plant 
physiology which deals with the adaptive processee of plants, and that it be 
spelled with an "e" instead of "(c." This recommendation was adopted, and 
the word baa since come into general use. Although tbe word is of recent origin, 
tbe subject itself haa received attention for a much longer period. Id Germany, 
it haa been known under the oame of "biologie,'' and, for want of a better term, 
the corresponding English word "biology" has been used in this country. But 
biology, properly, refers to the science of life, and includes the two branches, 
zoology and botany. Hence this second use of the word produces confusion. 

It is difficult to accurately define ecology, as it cannot be easily limited ; but, 
as generally accepted, it includes all that part of physiology in general which 
deals with the etTect of environment upon tbe plai 
with the action of physical and chemical forces v 
the chemical changes connected with nutrition, or t 

water absorption, is in the domain of physiology. 



Physiology, proper, 

within the plant. A study of 

? physical forces involved 

1 study of the methods by 



which a, plant adapts itself to changes in the amount of water or light, o 
different soil conditions, is in the domain of ecology. It will he seen that ecology 
deals with organs and phyeiolog; with tbe cell. But in one-celled organisms or 
even in little differentiated multicellular organisms this ditTe re nee becomes re- 
duced to zero. While it is convenient to segregate certain vital phenomena under 
a separate name, it must not be understood that these phenomena are not brought 
about by the same forces that are conaidered in physiology. But physiology 
deals with its phenomena as identical with phenomena in the physical world, 
and is constantly trying to reduce these phenomena to their lowest terms ; as it 
were, to coordinate them with aimilar phenomena observed in the laboratory. 
To the physiologist the cell forming the root hair is an example of osmosis, and 
its action can be succesefnily reproduced in the lal>oratory. The living proto- 
plasmic membrane is tbe osmotic membrane ; the soil water, a weak solution of 
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one side and the more con (.-eat rated cell sap is on the other. A 
up from the soil water to the cell aap, and tbe cell thus absorbs 
\g the necesaary mioeral food. This proceae, then, is not peculiar 
to living orgaaisms. Id a like manner, the c^hemiat looks upon the Bjnthesis of 
carbohydrates id tbe plant as a purely chemicHl process. While this process has 
not been reproduced in all its steps by the chemist, yet he, with tbe botanist, 
looks upon this as a process which can be carried od iodepeDdeatly of tbe plaot. 

Now let us eiBimine one or two cases of ecological phenomeDa. Certain leaves 
when exposed to too much light twist od tbeir petioles so as to briog the edge of 
the leaf in the direction of tbe light; that is, the leaf ties in tbe plane of the in- 
cident raya. They thus escape the injurious effects of the light, and, what is 
more important, at tbe ssme time escape the accompanying beat raya, and thus 
reduce tbe evaporation from the leaf surface. This phenomenon, known aa"para- 
beliotropism," is common in plaata of the dry regions. The orgac Id this case 
responds to a atlmulua, and responds in such a way as to protect Itself against in- 
jury. A plant under these circumstances is said to adapt itself to its environ- 
ment. A pheDomenoQ of this kind is more distinctly vital. I do not wish to be 
Interpreted as separ.^ting vital phenomena as fundamentally different from dod- 
rital. From a philosophical standpoint, I cannot admit that they are ; but on 
account of the extreme complexity of the combinations they are more con- 
venienlly studied as combiDatioce, No doubt the phenomena of paraheliotropism 
ia capable of analysis and will be found tu be a combinatioD of so-called single 
pbeuomeaa. But it is really this odaptibility or mobihiy in a plaot which dis- 
tloguisbes a living thing from a piece of apparatus. 

It Is not my intention to discuss the fundamental relations of ecology to phys- 
ios and chemistry, Dor to propound a theory of life. Instead I wish to give a 
brief outline of the subject Id its present atotua. I interpret this aa the wish of 
the Academy wbeo the subject was assigued to me. 

During the Linnrean period, and for some time afterward, plants were studied 
only to be classified. As you all know, the nature philosophy of that day looked 
upon species as fined : hence, the chief care of tbe botanist was to so describe a 
plant that It could with certainty be distributed into its proper pigeonhole. 
The descriptions in Llnnn'ue's "Species Plantarum " are models of clearness. The 
pigeonholes are well distinguished. But, alas! the plants so often fail to con- 
form to the descriptions. When considerlDg two closely allied species Linnteus 
apparently threw into the waste-basket all interraedlate forma. Botanists in 
general aeem not to have taken much interest in plants as livlDg organisms. 
This tendeocy persists more or less to the present day, but is fast disappearing. 
Systematic botany holds a promineot position in the various branches of tbe 
botanical science ; but its study is modified to suit the accepted philosophy of de- 
velopment. 

One of the earliest to record systematic observations \o ecology was Sprengel, 
who ID 1T93 published a little book upon "Tbe Secret of Nature in the Form and 
Fertilization of Flowers Discovered." He laid the foundatioD of the theory of 
hooey containing flowers, viz. : that the dower secretes nectar to attract Insects, 
aometimes a single species; that the dower is of such a shape that tbe Insect In 
getting tbe nectar is compelled to transfer, unconsciously of course, the pollen 
from the anthers to the stigma. It is a curious fact, however, that Sprengel did 
the real reason for all this: that the insects were utilized by the 
plant to transfer pollen from one plant to another because cross- fertilization is 
better for the plant than self-fertilization, The result was that Sprengel's ei- 
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oellont obBerTatiooB were relegated to obscurity by the upper cruet o( botaniata 
the sjatematiflte who did not care to waste tbeir time on such amateur n-ork. 

While ecological obaervatiaDS are scattered here and there through later 
botanical writings, they lacked coherence, aod this branch was coDstantly handi- 
capped by the theory of the fixity of species. It remaiaed for Charles Darwin to 
bring order out of chaos and give us a working theory of development. His in- 
veatigationB may be said to have laid the foundation of ecology. It is needleea 
to dwell upon the theory of the Darwinian school, but ecology owes Its impetus 
to the recogDition of the plasticity of species. The study of adaptability baa 
been so actit-e and the mass of facts accumulated has been so );reat that it was 
recognized as a distinct branch of botanical science, first under the name of 
biology and later under the name of ecology. Let us now take a look at a brief 
olaraification of the xubjecta included. It will be seen at once that ecology is a 
study of life relatioQB — the relatione of the plant to itsenTironment. The factors 
which influence the plant from without are known as ecological factors, and may 
be arraoged for the most part in the following groups: 

Watbr, Air, Asimai.8. 

Heat. Soil. Other pL.A.NTa. 



I 



The fact that a plant thrives where it ia shows that it is adapted to the cotidi- 
tioDs, and that an equilibrium haa been established between the plant and the 
factors normally surrounding or affecting it. 

Water. — Water is a vital necessity. The variation in (he water-supply causes 
corresponding variations In the structure. In submerged plants the water with 
the containing mineral matter is absorbed directly. Hence there is no transpira- 
tion current, and the roots have no absorptive function. Roots when present are 
fastening organs. It the leaves are floating or emerged there is set up a traoapi- 
ration current which must be supplied from beneath by the absorptive action of 
the roots. In all land plants a transpiration current is necessary to supply the 
mineral matter from the soil. It is not often that the soil conditions and air 
conditions are so evenly balanced that the plant is free to take up and evaporate 
ail the water it needs for the most rapid growth. In some cases, on account of 
the saturated atmosphere, there la danger from a stagoated transpiration cur- 
rent, and the plant endeavors in various ways to aid evaporation. Experiments 
have shown that an individual plant can be profoundly modified by a change in 
the water relation. A normally xerophytic plant with rosette foliage can be 
made to stretch out ita a.iis, to broaden its leaves, and otherwise take on the 
structure of a hygrophyte. To indicate the nature of the problems presented 1 
will suggest a few adaptations, some proved by experiment, others still hypothet- 
ical. Id the rain forests of the tropics the leaves are often provided with long 
points and converging veins to lead olT the water easily. Mottled leaves in which 
irregular areas lack chlorophyll increase the evaporating surface without in- 
creasing that engaged in photosynthesis. The presence of the red coloring mat- 
ter on the under surface of floating leaves may be for the purpose of couverting 
the waste light into heat, thus slightly raising the temperature of the leaf and 
enabling it to evaporate, when otherwise the air would be saturated and prevent 
evaporation. Glands which excrete liquid water are common, On the other 
hand, in dry regions the plant is obliged to prevent evaporation as much as pos- 
sible, without entirely suppressing the transpiration current. There are numer- 
ous and curious methods by which plants protect themselves from drought. 

Hbat. — Plants are rarely injured by the high temperature to which they are 
subject in nature, provided the water-supply is not reduced. But, except in the 
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tfopics, they are likely to be subjected to Ion temperature, to which the> must 
become adapted in order to live. No plant cao vegetate at a temperature below 
freexiag, but by proper adaptation ui»Dy plants cac endure an iodefloitely low 
temperature in the restiDg eta^re. In hig^h latitudes it becomes a questiOD of 
ability to eudure the long muter. Plaute have been fouud ae far north as aoib 
conditions have permitted their growth. At high altitudes, however, v^etation 
is limited by the lack of agrowiDgseason. The temperature may remain through- 
out the year below the point at which growth is poaaible. Under thie head, then, 
ie the study of the methods of resisting injury from tow temperature. 

Light.— Too intense light is injurious, while with too little light the prooeas 
of photoayn thesis cannot be carried on. By aaeuming the proSle position, either 
temporarily, as Id motile leaves, or permanently, aa in co in paaS' plants, with verti- 
cal leaves, injury from too intense light can be avoided. Others must exert them- 
selves to obtain the maximum amount of light. Some plants bring the leaves 
into the maximum light position by heliotropic movements. Subme^ed water- 
plants and the shade plants of dense forests are obliged to adapt themselves to 
the minimum amount of light for growth, 

AiK.'- Aside from the indirect effect upon transpiration, the air relations of 
plants may be divided into about three groups: U j The supply of oxygen tor the 
purpose of respiration, which is necesaary to all active cells. Interesting adapta- 
tioDS are found in swamp ptante for leading air down to the roots: aerating tis- 
sues, air canals, cypress knees, etc. (2) The direct mechanical effect of wind 
upon the plant body. I3| The methods by which plants utilize air-curreots (or 
the dispersal of seeds and pollen. 

Soil. — Boil relations may be chemical or physical, the latter being by far the 
most important. The elements necessary (or plant growth are usually present in 
cultivated soil in sulBcient amount, and, ueually, there is nothing in the soil 
which IB of direct injury. The physical condition of the soil is chiefly concerned 
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with the water relation, When the soil contains a large amount of soluble salts ^^H 
planta have difficulty in absorbing sufficient water; and when the soil water is as ^^H 
concentrated as the cell asp, plants cannot exist. Such conditions obtain in salt ^^| 
^^ marshes, alkali plains, etc. And the plants are of a pronounced xerophytic type, ^^H 

^^L from the necessity o( reducing transpiration to suit water-supply. ^^H 

^^M Animals. — Animals use plants for food, and they inflict injury by tramping ^^| 

^^1 upon them. Hence, protective devices in the shape of thorns and prickles, or a ^^| 
^^M bitter or irritating sap, and the rosette habit. Insects aid in the pollination of ^^H 
^^M Bowera; a study of which is an important branch of ecology. Animals aid in ^^H 
^^P the dispersal of seeds, by accidentally carrying those which have devices for ^^H 
^H attachment, or by eating the fruits, in which the large seeds are thrown away and ^^B 

the small ones escape digestion. Special relations which are extremely inter- 
esting occur between ants and planta. Certain leaf-cutting species of ants culti- 
vate a kind of fungus in their underground nests. The leaves are gathered to 
furnish a substratum tor the tungue, which, in its turn, yields a peculiar fructi- 
fication upon which the ants teed, Other species, enemies to the preceding, are 
retained as guards by several kinds ot plants, which thus escape denudation. 
These plants furnish especially formed homes, and often also food for their pro- 
tectors. The homes and special-food bodies appear to have no other function 
than that of inducing the guards to take up their abode there and recompensing 
them for their trouble, 

Othkb Plants.— Every individual, from the time it is cast loose from the 
mother plant aa a seed, must struggle against the various factors mentioned, but 
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Ha ntarMt bUttM u* Umm acMnat other plants, which compete witk it loraofl. 
llcblMH) waimx. And the ootDpetilion iDcreAsea with thacioeeneeicrf thcganetic 
fstatkotublp. Tbtn !• mlw%j» so appreciable probability that a plant may Sod a 
nicha In aalnre where it can avoid oompetition from other speciee, bnt it is a rery 
rar* •MMpticm wh«n a plaot can eacape eompetitioD from other indiTidaals of the 
asBM apeciM. 

So far «B hate takes a cursorj' view of tb« ecolo^cal factors. We will now 
tura to aootbsr branch of ecology, which may be called ecological plant geo- 
Kraphy. It might be called the diatribution of plant societies. 

flinla may llv» together and bt-ar to each other spTeral kinds of relationship. 
The cumpatltioD tor light baa developed a phyeiological class of plants called 
llaaaa, or cUmbeni, which use other plants as their support, and hence escape 
theDaoaaalty of forming a selrBUpporling trunk. Epiphytes are plants which 
tJB* othnra as a substratum upon which to grow, but are not parasitic, They are 
u BU al If ,'ieru phytic Id tbdr ntructure, and have developed many curious con- 
trlvnocea for thatching and holding ralc-water. Saprophytes derive their organic 
foiMl, more ur leas elaborated, from the partially decomposed vegetable debris. 
I'araaltea altaorb their food, ur a part of it. directly from the living cells of their 
iioat. In certain cases, as In lichens, there Is the relation of maaler and slave 
( helotlaiD J, Certain fungi derive their nourishment from simple forms of algae, 
but Ddvortheless protect them, the whole organism ( lichen j having a definite 
atruaturu, depeocling upon the species of fungus and alga involved. The most 
oummon mlation. however, la that in which different species of plants compete 
with each other for eilatence under the same conditions. Thla relation has re- 
cnivod thename"commenBaliBm." AaCudy of these relations has given rise to the 
branch at ecology known aa ecological plant geography. The plants which live 
under almllar cunOitiona have a definite physiognomy, and are called a plant so- 
cinty, or rather, more commonly, a fortnation. Where the conditions have re- 
mained practically the same for a period sufficient for an eijuilibrium to be 
vatahllNhed, the apacinH have become adapted to the conditions, including the 
tendenoy of the Individuals to encroach upon each other. Thus, a plant society 
In defined na being those individuals which exlat together under a given set of 
condition*. There have been attempts to classify societies into tour large groups : 
KydrophytUH, tbuse living in water or where the soil is saturated with water; 
xemphylci, those living in more or less arid situations and where the plants must 
realst nva[>oration ; mesophytes, where the coaditions are medium so far aa water- 
supply is ooDcerned: habphytea, where there is an e:tces8 of salts in the soil. 
The dlvialon is, however, not satisfactory. Swamp plants would l>e claaaed 
•monK the hydrophytes: yet they possess undoubted leropby tic characters, such 
M vnrtlcal learns, reduced surface, thick epidermis, etc. Swamp plants must re- 
sist evaporation at times, when, on accountof the cold, wet soil, the roots are not 
actlva enough to supply the transpiration current. Schimper, a recent writer on 
this subject, nltrmpts to divide plants Into hygrophytes, those on which the 
tranaplrntlon current muet be aided : xeropbytes, in which the transpiration cur- 
rent muit bn hind«n<d : and iropopbytea, in which there is an alternation of 
those two seta of conditions. Like all classifications, it baa holes in it. It is 
mora aatiatactory to classify on the basis ol adaptations, and recognize csrUun 
ones aa xaropbytlc and others aa hydropbytic. Many of our deciduous trees 
may be claauad among the mesophytes, yet they have the very prominent lero- 
phytlo character of dropping their foliage on the approach of winter. In another 
IMper [ have disoussed the ecological plant geography ot Kansas. The lerophy- 
tlc Hora prnlomlnatea. the chief societies being prairie flora. Bora ot the saBd-hills. 
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and flora of stoo? bills. The h;droph;tio sooietlea occur in and near our watw- 
courees, poods, Bloughs, marahee, and spriDgs. Tbe raeaophyttc societies are oon- 
fined to the border-land between the hydrophytea and lerophylea, and more 

■ especially in the shade of the lowland woods. The halophytes are found in the 
salt marshes n'hich occur through the interior of the state. 
Although, while the conditions remain unchang^ed, the societies remain in an 
equilibrium, there is, nevertheless, what might be termed a confiict of eocieties 
going on everywhere. As soon aa the conditions change, even slightly, one so- 
ciety will gain an advantage over its neighbors. There seems to be little doubt 
that the forest societies are pfritdually encroaching on the plains. It must not be 
^^ inferred that every species is found where are conditions best suited for its de- 
^^L velopment. It is, rather, that each species is found where it can best compete 
^^M with others able to endure the same conditiona. For example, in Kansas the red 
^^P cedar is found on barren limestone clilTs, and presents a gnarled and more or less 
^^ Btunted aspect. Yet, under favorable conditions^ that Is, ordinary rich soil — it 
produced a vigorous and symmetrical body. The same is true of the bald cypress 
at OQr Southern states, It is found native in swamps, and usually Is flat lopped 
and stunted iu its growth, with a much leas Tigorous aspect than specimena cul- 

■ tivated in moderately dry soil. It would appear that they hove been unable to 
compete in those localities where they could thrive best, but have been forced to 
take refuge in the stony hills, in the one case, and the Bwamps in the other, 
where they can maintain themselves against their competitors. Bo we see that 
there is a constant struggle between individuals in a society, and between socie- 
ties in a given area or region. 

Ecology also includes the wider class of distribution ordinarily called the 

geographical distribution of plants; that Is, the distribution of plants on the 

earth 'h surface into zoues, regiona, and areas. The division into zones is based 

on climatic conditions. There are four Kooes: tropical, temperate, arctic, aud 

^^ mountain. The regions are subdivisions of these zones of sufficient extent to 

^^L eliminate the effect of local conditions. As examples, may be mentioned the 

^^1 great plains and the Arizona- Mexico desert region of North America, the 

^^M steppes of Russia, and the pampas of South America. This study includes not 

^^H only the actual distribution of plants upon the earth's surface, but also the 

^^M causes which lead up to It, in so far as they are concerned with adaptation. 

^^P Thus, we have the difficult problem of the origin and relations of the flora of a 

^^T particular region. The conditions have not always been as they ars now ; but, 

9 under the influence of those mighty (orcee whicfi have fashioned our continents, 

islaada, mountains, and lakes, an indefinite number of changes have taken place 

in the relations and composition of the plant societies. Vast forests once flour- 

Iished where is now a wide expanse of prairie. Palms inhabited the polar circle 
and arctic plants were spread broadcast over the temperate regions. Floral areas 
have had their rise and fall. First one species Is dominant, then another. You 
are all familiar with the distribution of our arctic plants: how, in preglacial 
times, a more or less tropical flora surrounded the pole; how the oncoming cold 
drove all vegetation southward : how a modified vegetation followed the retreat- 
ing glaciers, but left arctic representatives stranded on the high mountain 
tops of the whole northern hemisphere; how Greenland is so remarkably poor ^^^ 

in species compared with other lands in the same latitude, because most ^^H 
of its flora Was driven southward into the ocean ; how the flora of eastern United ^^H 
States resembles more closely that of Japan and eastern Asia than it does that ^^H 

Iof California, becauae a aimilar flora found similar conditiona In these two ^^M 
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f^itkmm Ukd etmld mtf.ttmlMf eotap1»; b^ tlist poitian whidi wm driTen dovn 
tlM WMCwn CO— t of Nbftb AoMrioi came in eootact with a flota better soifeBd to 
th0 WftMtkm^ mod m> wae exttraunatedf with exeeptkm of eueh relice of ^e 
^aet ae the gnHid eeriaoiaa, whidi, however, eaimot long enrTire. I might go on 
\nAi4lniiiH\y with a tiiwnme eoiimeratioo of fectSv but I think I have given enough 
to ladkate, in a general waj, the eeope of ecology. 
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The problem that was brought to m; notice eome time ago was to find the 
relative fuel value of coal aud aatural gas, and, by thia means, to determine hoir 
much per thousand should be paid for the latter so that the cost of fuel should 
be the same as if coal waa uaed. Although we have the analysis of the natural 
gas as found in the Kansas gas fields,* and tbe composition of the uoala of the 
stat«,t yet all attempts to arrive at the relative value of the two fuels from a 
theoretical standpoint were unsatisfactory, for the question waa a practical one, 
and could be solved only by the use of a method that would imitate actual ex- 
perience. 

At first a crude apparatus was deaigned In which a weighed amount of water 
was boiled with a given quantity of fuel of each kind, but the loss of heat was so 
great that it wasdeemedadviBBbletoGonatructan apparatus especially tor the pur- 
pose. The furnace, as finally designed and uaed. is represented on next page. 
It consists of a cylinder of galvanized iron two feet high and fourteen inches in 
diameter. Inside of thia ia another cylinder ten inches in diameter and the an- 
nular space between the two is filled with charcoal, sawdust, or asbestos pack- 
ing. Both these cylinders are soldered onto tbe base and onto the connecting 
ring at the top. A bottom ia soldered into the inner cylinder eleven and ooe-balf 
inches from tbe base. Inside the vessel thus formed is a one-and- three- fourths- 
Inch tin pipe coiled three times, tbe upper end opening above the top of the veaset 
and the lower end paaaing through the bottom. This is the Sue to carry off the 
products of combustion. Below tbe bottom of the kettle is a smalt grate which 
ma; be removed and its place supplied by the burner of a gas stove. There Is a 
door lined with asbestos on one side of the lower part of the furnace. Just below 
the grate are two one-fourthlnch iron pipes terminating on the inside, with el- 
bows turned upwards, and passing entirely through the apparatus to the outaide. 
There is also a pipe leading from the bottom ot the Inaide vessel closed by a spigot 
on the outside, so that the water may be ijuickly withdrawn from the inner vessel. 
A thermometer hangs in the water. 

The apparatus ia used as follows : The inner vessel is filled with water, and ia 
then heated to boiling by means of the gas-burner; this water la quickly drawn 
out by the spigot and weighed on a moderately accurate balance ; with the vessel 
in which it is contained it weighs about twenty-four pounds. The water ie Im- 
mediately, while still hot, returned to the boiler, the gas is relighted and the 
amount of gaa consumed is carefully measured by a meter that reads ta hun- 
dredths of cubic feet. The gas is allowed to burn tor an hour or more, and then 
tbe water is quickly drawn off and weighed. The difference gives the loss by 
evaporation, which ia calculated per cubic toot of gae. 

In order to determine the heating power of the coal, the vessel is again filled 
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and UiB water taken out and weighed when boiling hot. A weighed aroouut of 
oonl la i>ut on the tcrite and qujotcly ignited, and its burDing is accelemted by the 
UM of a foot-btower attac-hed to the two pipee comiog to the outiide of the appa- 
ratua, aa i>reTiouel}' mentioDed. The products of combuatioa are carried up 
throuffb the one-and-Ibree fourths-inch pipe, which, id their paasage, beat the 
water. U( course thore is conaiderable stuokei and this is carried off by a two- 
and-ODO' half -inch pipe which fits over the smaller one. When the coal la nearlj 
cODIUlued that vhioh remaiua is raked out and weighed, the water is drawn off 
Mid walghed, and the calculation is made with reference to the coal coDBuroed. 

Wbllo it is admitted that the apparatus is liable to some errors, yet it ia de- 
Tlaed with the object of imitatlDg, as well as possible, the aatural conditions 
which hold In thn ooDSumption of fuel under a boiler. The tests are compara- 
tire; aod Id aeither caae ia all the beat utilized. 



iditions ^H 

impara- ^H 
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One cubic foot of gas will evaporate. ■ 



These teats were taken on dilTerent days, when there was a different degree 
of humiditr in the air, and when the tempersture of the room was different. It 
WBB Doticed also that the rale at which the g&e burned had a decided infiueoce 
on the economy of the operation. A rate of from six t« twelve feet per hour was 
used, but the medium between these was probably most efficient. The amounts 
of water evaporated by the coal were aa follows : 

S.9 Iba. of water. 



One pound of coal will evaporate . . 



I ri.. 



. 3.9 

. j.06 

. 4.6 

. 3.87 



The only satisfactory method of using the apparatus is to test it first by the 
use of gas. and then under the same atmospheric conditions to test it with the 
conl. Hence, although the above tests seem to differ greatly, they do not differ 
GO much when taken in connection with the corresponding gas test, made at the 

From the above teaCs, as we have ascertained the amount of water that one 
cubic foot of gas will evaporate and the amount of water that one pound of coal 
will evaporate, it is not difficult to calculate the value of one ton of coal in terms 
of gaa. The results are as follows; 

I fi S3,000 cubic feet gas. 

6 21,600 '■ 

One ton of coal is equivalent to -i c 20,800 " 



_ e 21,500 

Average 21,500 

The experiments above noted were made with the ordinary illuminatiDg gaa. 
This gas, delivered to the consumers of the city of Lawrence, Kan., on December 
6, 181M, bad at that time the following composition : 

Carbon dioiid (COs) 1.22 

Oleflant gas and similar hydrocarbons 5.30 

Oiygen(O) i2 

Carbon moooidd I CO ) 7 .50 

Marsh-gaa, methan (CH.) 38.11 

Hydrogen (H) IT.tiS 

Total 100.00 

The composition of the natural gas of the state may be fairly well shown bj 
the analysis of a sample from the Neodesba fieldB:* 

Carbon diosid (COsl 1.00 

Olefisnt gas and similar hydrocarbons 22 

Oxygen ( O | 65 

Carbon mouoxid (CO) 50 

Marsh-gas. methan (CH,) 80.56 

Hydrogen ( H } 0.00 

Nitrogen ( N) 7.07 

Total 100.00 
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e tvo ff&ses, it is erideot that the iUumiiiAtuiK gas oaed ham 
owes thsD the D»tural gas, [or id the ill uminB ting ga« tber« ta 
tlMjtretat, of bTdrogeD, and tbe beat uoita yielded b}^ hydrogen are 34.462; 
while the chief oonvtitueiit of the natural gaa is ouu^h-gas (CH|). which ylelda 
oaly t3u063 baat nciU, aod this ia prscticallj the on It beat-producing HUbstance 
m the natarai gsa, all other gaeea being present ia sacfa small quantities. 

In the tests upon coals, the first four nere made upon Lie>aTeDworth ooal, and 
tbe last two on CaJtoii Cit>- coal. It ie evident that the process is not suited to 
determtoe tbe relative beatiog value of different samples ot coal, and, indeed, 
that is not the intention. 

If the average result obtained is taken, namely, that one ton ot coal is equiva- 
leot in heatiiig power to Sl.oOO cable feet of gas, then, with Leavenworth coal at 
tS.!iO per ton, gas would have to be sold at about twelve cents per thousand to be 
the equivalent in coot of the coal. Of course, as the coal increases in price, tbe 
cost of gas may also be raised proportionately. There is no doubt that the 
natural-gaa producers in some of our dietriots could alTord to furnish gas at this 
figure, but in otbers the price would be too low. 

In the coDsideratioD of the relative heating power of the two fuels, no account 
is taken ot the extreme conveniens, wholesumecess and cleanlineBS of gas, nor 
of tbe fact that it can be lighted at any time when it is needed, and as soon as 
tbe work Is done it can be extinguished. For convenience, then, there is DOth- 
ing to equal gas; but this fuel must be sold at an extremelj low price to compete 
economical 1; with coal. 

Uwnnca, Dee«mlMr 2S, ISW. 



ON THE EFFECT OF OXVGEN UPON ANIMAL LIFE. 



1 A. T. ttlSSLKT, 
Read before Uie AcHdemy. at Topeka, December 2S, ISOO. 

The general view of those who think ot it at all is that an atmosphere of pure 
Oiygen would be most deleterious to animal life. That this view is not confined 
to the UDBoientific may be readily shown by reference Ia various authors. The 
following may be cited as typical: 

J. F. W. Johnston, in bis "Chemistry of Common Lite," published in 18(>&, 
says: "Animals breatheoiygen with an increase of pleasure; but it excites them, 
quickens their circulation, throws them into a state of fever, and finally kills 
them by an excess of excitement. Tbey live too rapidly in pure oxygen gas, and 
liurn away in it like the fast- flaring candle. Did tbe atmosphere consist of oxy- 
gen only, tbe lives of animals would be ot most brief duration." 

C. W. Kimmins, in his " Chemistry of Life and Health," 1892, says: "The 
removal of nitrogen from the atmosphere would be as fatal as the removal ot 
oxygen ; and universal death would be accompanied by universal conflagration." 

Gray says: "The Creator has adapted the atmosphere to the support of life, 
as anything which destroys the relation thus established renders it deleterious 
to the animal constitution." 

Dr. n. W. Richardson seems to be one ot the few who have made experiments 
as well as statements. He confined mice in a chamber of oxygen. In the first 
experiment, conducted at a temperature of fifty-five degrees F., the mouse was 
dead at the end ot four hours. The second experiment was conducted at a tem- 
perature ot wventy-five degrees F., and the mouse was taken out in deep sleep 
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at the end of the ninth hour. In a third experiment, at sUty-fire degrees F., 
the mouse wafi dead in four hours and fortf-two miDutes. 

T. U. Dinamore, jr.. also experimecttid, uemg mice and kitteoa conSned in 
large jara of oxygen. They were lelt Id thirty to sixty minutes in general, but 
one kitten that was left in an hour and a half waa removed in an unconscious 
state. This result was attributed to the accumulation of carbon dioxide. In the 
other cases do result was observed except an increase in the rate of reapiration. 
After remaining in the oxygen ao hour they were apparently aa well as when 
first placed in the gas. Theae experimenta can hardly be regarded as conclusive 
because of their abort duration. 

It ahould be mentioned further, before taking up a description of ouronD work, 
that one or two writers do state that animals may lire in oxygen without incoa- 
venience; but no experimental evidence is adduced on the point. 

In our investigation a we designed to experiment with a variety of animals, 
introducing them gradually into the atmoaphere of oxygen, and retaining them 
under ita influence (or a somewhat prolonged period. We also deemed it wiae to 
avoid the use of animala which, like mice, cannot endure much handling even 
under normal conditions. The animals were enclosed in a tight wooden box one 
cubic toot in capacity. It had a glass front. An opening at the top for the in- 
troduction of the animals was closed by meana of a tin lid which rested in a 
a groove into which melted wax wae poured. Openinga fitted with glass tubes, 
which could be closed with rubber stoppers, communicated with tin dishes for 
food and water. Two other openings aerved to admit oxygen at one of the lower 
corners, and for its exit at the upper diagonally opposite one. The box also con- 
tained a Bat tin dish, partially filled with a solution of sodium hydroxide, the 
dish being covered with wire screen. A layer of sawdust was placed in the bot- 
tom of the box. The oxygen used was prepared from a mixture of potassium 
chlorate and manganese dioxide, and was stored tor at least a week before use 
in cylinders. The oxygen was delivered from the cylinders, passing through a 
wash-bottle containing water, which served as an index to the rate of supply, 
and thence into the respiration chamber. 

The storage of the gas was for the purpose of affording ample time for the 
absorption of all solids projected over in its preparation, and the gas as delivered 

g perfectly clear, though doubtless not cbemicslly pure. A steady, though 
not very rapid, current of the gas was maintained throughout the continuance 
of each experiment. Sometimes, if the animal seemed oppressed, the current of 
a quickened for a time. It was thought that the rate of transmission, with 
the assistance of the sodium hydroxide solution, was auilicient to keep the excre- 
tory gases removed. 

Five experiments were made, and in all but the second the animals were 
watched practically continuously. In the second the watching was continued 
for the first nineteen hours, and after that the time between observations was 
never longer than four hours. 

First E-rperime.nf. — In this experiment a growo male cat was confined in the 
espiration chamber at five e'. m., April lit, 1890. From the nature of the 
arrangements, observations could be made upon the respiration and general 
behavior only. In this, as In all of the experiments, the animal was put into the 
chamber while it was filled with air, and this was gradually displaced by the 
oxygen. The cat remained in the apparatus until 10:45 o'clock a. u, the next 
day, or nearly thirty hours. The table below is a record of the observations 
made: 
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5;0O 
5:30 
6;00 



3:30 
*:30 
5:00 
6:00 



31-32 
32-33 

32-33 

34-35 



Just before putting into the apparatue 

Asleep. 

Awake; Ijiog still. 

Asleep. 

Anake; Ifing still. 

Asleep. 

Up; look tog around. 



41-42 



6:30 
10:00 
10:45 
Tbeouty time that tbe ai 
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Asleep. 

Moving around; breathing a little abort. 

Sitting up. 

Brest bin g short and jerky. 

Sat OD hauDches and ate some. 

Looking around, 
Termination of experiment, 
lal gave ao; signs of distress was wbeo bis respira- 
tion was short and jerky, but these symptoms did not last long. During the 
progress of the experiment we bad from time to time tested the outgoing gas by 
means of a splinter with a spark at the tip. On plunging this into tbe exit tube 
the spark would burst into a blaze. At 10:45, on performing this experiment, 
an explosion took place which blew ofT the lid, and broke the glass front out of tbe 
apparatus, thus bringtog tbe experiment to ao untimely end. The cat was singed 
somewbat by the explosion, and was a little stilT from bis confinement, butotber- 
wise seemed to be unaffected. His respiration had become about normal, and we 
have no reason to doubt that be might have lived there Indefinitely bad oxygen 
been supplied and no accident supervened. 

In respect to the cause of Ibeexplosioo, which must have been due to the pro- 
duction of some combustible gas, the only explanation that we can suggest is, 
that the gas may have been of Intestiual origin. It la very surprising to us that 
tbe quantity could be sufRcient to produce the result observed. The oxygen 
itself was tested and found to be non-explosive, and, in fact, the cylinders had 
never been used for holding hydrogen or other conbustible gases. Had time 
permitted, we would have been glad to pursue this phase of tbe subject further, 
but were unable to at the time. 

Second ExperiMt.Til.—A white rabbit was placed undsr the same conditiooa 
as the cat, and similar observations made. The notes are omitted, as no notice- 
able change took place. After fifty-three hours the rabbit was removed, appar- 
ently io as good condition as when he went in. Grass and clover were eatea 
heartily during the eiperimetit. 

Third Ex peri mcnt.^lTi this case a bantam hen and an ordinary chicken 
about tour weeks old were put into the respiration chamber together. They were 
provided with perches. The little chicken bad a hard time of it, as tbe old hen 
fought it almost constantly while awake. They remained in the oxygen forty- 
four hours and seemed to be in perfect condition at the conclusioa of the experi- 
ment. At one time, when the current of oxygen wa 
some gasping and were depressed in spirits. This 
the conclusion of the experiment, and on turning ( 
oxygen, the symptoms entirely disappeared, the old ben became quite lively, and 
began to chase tbe little chicken again, and abused it severely until the close of 
the experiment. 
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rapid current of the 
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/burfA £jrperimenl.~The rabbit aeed in the second esperiment waa Again 
confined in the apparatus tor twenty boura, then immediately killed and dis- 
sected. No change could be detected in the organs. The blood seemed to clot 
more rapidly than normally, and the arterial blocxl was of a brighter hue. The 
venoue blood vab also probably a very little changed in color. 

Fifth Experiment. ^Two bantam hens were placed in the apparatus under 
the same conditions as in the third experiment. They were kept there tor six 
days aod twetity-ooe hours. We had planned to continue the experiment a full 
week, but the oxygen supply became exhausted. We could not see that they 
were affected in the least at any time. 

From these eiperiments, we feel justified in concluding that an atmosphere of 
oxygen produces no permanent excitation, and do unaatural sleep or uncon- 
1 ia not destructive to animal life. 



EFFECT UPON THE COMPOSITION OF THE SOIL OF CONTINUOUS 
CROPPING BV WHEAT. 
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la the tall ot ISSO.Prof, E. M. Sbelton, of the Kansas State Agricultural Col- 
lege, laid out an acre of land to be devoted to the continuous productioo of 
winter wheat, without fertilization or renovating treatment of any kind. This 
experiment was doubtless auggested by the famous plat at Kothamsted, Eng- 
land, which Lawes and Gilbert hare kept under such conditiona since 1S44. Un- 
fortunately the plat selected by Professor Sheltoa was situated so that the 
growth ot the institution baa aeemed to compel the abandonment of the experi- 
ment. The plat also, having a rather pronounced slope, was not as well adapted 
to the purpose of the experiment aa would be deairable. 

The abandonment of the experiment hating been determined upon, it aeemed 
of interest to malie analyses of the soil of the plat, and. for comparison, of that 
ot the adjoining field, which has borne a rariety of crops, though not in any 
regular rotation. For sampling these Selds four spots were selected in each, and 
pits sunk to the depth of the proposed sampling. A prism ot soil six inches 
square was then cut from the side of each and divided into four parts, represent- 
ing, respectively, the first nine inches from the top, and three intervals below 
this of twelve inches each. Four samples were thus obtained from each field for 
each depth. These four samples were then intimately mixed to form a composite 
sample, which was carefully air dried and eubsampled for analysis. 

The analyses were limited todeterminationaof themoiature, insoluble residue, 
potash, lime, nitrogen, and phosphoric acid. The accompanying table exhibits 
the results as calculated to a water-free basis: 

'Ine 1 1 } compoaitioD of soil nt n^fiiral lispche. from Seld enippfd in wbeat coD- 



TiBLB ibowlne IDcompoaiticm of 
tiunoDsIr [or alRbleen yean ; aoi 
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The analjaoB shoir tbe soila in both plats to b« well supplied witb t 
tial ooDStltuenU, with tbe exception of pfaoephoric acid. This, while about the 
aTM-age id plat II, aeeoiB to have become considerably depleted iu the plat kept 
c»otiouou8l; in wheat. 

It will be iutereetiDg in this conoectioD to cote tbe product of grain duriog 
tbe eigbteea years that the eiperimeot cootinuad. The following figures are as 
published in bulletio No, Tl of tbe Eiperimeat StatioD, excepting for the taet 
year, which is from press bulletin No. 1. Tbe year of harvest And the yield in 
buihels of grain are given : 



mi... 


0.00 


1887, 
1888, 
1989, 
1890. 
1891. 


winter-lcillad 


30.31 

37.00 
22.90 

30.75 




















12.30 


1897 *.43 



The total yield for tbe eighteen years was 342.5 bushels, an average of nine- 
teen bushels per acre. This period iuctudes three years in which the crop was 
winter-killed, and two more in which it was partially winter-killed. The soil is 
an upland, and would be re(;arded ae of only moderate fertility, in view of which 
tbe yield obtained must be regarded as quite satisfactory. It will be noticed 
that during the last third of the period tbe product was materially leea than pre- 
viously, but whether this is due to soil exhaustion or merely to eiigenciea of the 
season must bo left undecided. 

Tbe analyses of soil given above were made for me by Mr. A. G, Adiemian. 



SILinA CEMENT MORTARS. 



BV W, TwkKDdale:, ToPKKA. 
KoBd helon tlia Academy, at HePlieraoa, Deoetnber 29, 13$9. 

Cement plaster, s product of Kansas extensively used instead of lime mortar 
for plastering tbe inside of buildings, has been fully described in the fifth volume 
of report of the University Geological Survey of Kansas. I desire in the same 
line to present to you, for your information, another Kansas product which gives 
promise of being evenof greater value as a constituent of mortar; which, poasesa- 
iag hydraulic properties, combines economy in cost with adaptability to all 
claaaea of masonry or concrete construction, from the heaviest foundation to tbe 
finest statuary. In said report it is termed volcanic ash ; it is found of different 
degrees of purity, in practically inexhaustible quantities in a number of plaoea 
ill Kansas; it consists of ailica, nearly white in color, and under the microscope 
appeara to be in thin, transparent scales, overlapping each other, instead of, as in 
the case of grains of sand, being rounded, irregular particles. 

To understand the value of silica as an ingredient of cement mortar, it will be 
of Interest and tend to clearness to explain tbe characteristics and distinguishing 
differences, not only lietween lime mortar and cement mortars, but also between 
cement mortars of different kinds. These differences are both chemical and 
physioal. 

Lime, as a constituent of lime mortar, is an oxide of lime manufactured from 
a carbonate of lime, a* limestone, chalk, or marble, by driving off tbe carbonio 
acid by means of heat tn especially prepared kilns. This lime, when slaked with 
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water aod mixed with sand, constitutee lime mortar, tlie proportioniiig of the 
iDgredieuts aod mode ot manipulBting them being varied to suit tbe required uses. 

The qualities of a good mortar are tbat it will "set" or harden into a aub- 
ataDce of great strength ; tbat it ifill adhere firmly to tbe eurfacea which it joins 
together: and tbat it will preserve its bardaesa and strength under atmoHpheric 
influencea. The setting of both lime and cement mortare is due to chemical 
changes in the mass of tbe mortar ; it is, however, of an entirely difTerent nature 
in the case of lime and cement mortars. In the case of lime mortar, tbe setting ie 
due to tbe absorption from the atmosphere of carbooic-acid gas, which is ab- 
sorbed by and combines chemically with tbe calcium of the b;drate of lime, 
forming carbonate of lime, and at the same time giving olf water. This aetciag 
of hme mortar ie dependent upon access to the atmosphere, from which it obtains 
carbonic acid. The hardening, therefore, must be from the outside and extend 
inwards at diminishing rates; this of necessity precludes the use of lime mortar 
for masonry under water. The giving off of water in the setting ot lime mortar 
explains why walls built with lime mortar remain damp for such a length of time, 
rendering newly-built houses unhealthy. 

Cement possessing hydraulic properties is manufactured from limestone or 
m^rl containing about one-fifth part of clay; this clay consists ot alumina and 

There are two kinds of cement, natural and artificial (or Portland). Since 
these cements will not slake in water, they will require to be ground. WhLe both 
these cements will set under water and harden throughout their whole mass, 
they possess distinct characteristics, both chemical and physical. Natural 
cements are those in which the burning has oot been carried to the point of vitri- 
fication, while artificial (or Portland ) cements are those in which this hsa been 
done. The quality of the cement is also affected by the proportions of the in- 
gredients and the mode ot manipulation. The underburning of tbe natural 
cements merely drives off the carbonic acid from the limestone, and L-banges the 
clay to a substance akin to brick, the result being in tbe nature of a mechanical 
mixture, corresponding to that ot lime with pozzuolana, forming the hydraulic 
lime of the Romans and of the early English engineers. The burning to vitrificB- 
tioQ of a properly proportioned mechanical mixture of carbonate ot lime and 
clay effects a chemical combination of the constituents forming calcium aluminates 
and calcium silicates, the quick setting being due to tbe aluminates and the 
strength to tbe silicates, 

Examined under a microscope, Che physical appearance of natural cement is 
a mass of nodular particles analogous to tbat of sand, white Portland cement ap- 
pears to be a mass of overlapping and interlacing scales. 

Mortar consists of an aggregate of sand mixed with a cementing substance, as 
lime or cement, with suitable quantity of water to bring It to the desired degree 
of oonsistency, as tbe voids between the sand particles are nearly one-half the 
rolume of the sand. .Absolute density will only be obtained when that quantity 
of oement is used, or the mortar la cement 1, sand 2. With lime as the cement 
material, tbe case la somewhat different, as the water adds considerable to tbe 
volume of the hydrate of lime; hence, tbe filling of the voids will be attained 
with less than tbat quantity of lime. In practice, less than one-half volume of 
cement will also serve; the usual practice tor good work is to make mortar in 
proportion of 1 to 3, 

Portland cement is ground to a certain prescribed fineness: (Ij Because the 
coarser particles do not set, hut remain inert, as so much sand, (2) Because the 
finer tbe particles the greater surface of sand they will cover. 
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Tq main a strong ^"d reliable cecn 
mMit to HII the toida of Ihe sand, and it 
tar. by cArnrnl mixing, leaacemeiitthi 
with tbe Drdloarr workman it ia Dot aat 
caMs Daenaaarj to use a cem«Dt mortar of greater streogth than is reijuired. To 
otcrcome thta unoecesarr cost it baa beeo sought to use a portioo of lime mixed 
with tbe cement. 

For reasons above gireo of the different causes of setting of lime and cement. 
this has nut been found to be aatisfactor; ; hence, it ia eitremelv desirable to 
ilnviiM somn method of making a mortar combining as nearly as poeaible the low 
MMt of lime morlar with the atreagth and durabilitj of cement mortar, suited to 
the apecial raquiremeota. To meet this demand, F. L. Smidth, C. E. , of Copeo- 
bagen, foveotad a procese that satisfies these requirements when the conditions 
allow of tbe uaeof a mortar of less strength than would be obtained with propor- 
tion of one to throe. This process cooaiste in mixing cement and Band in the 
requisite proportions, and then in a special mill pulcerizing them toafioe powder. 
Thl^ product is termed "sand cement," and is tben used aa ordioary Portland 
oetnent, when mixed with tbe usual proportlona of aand and water to form a mor- 
tar, Id which the valda of the finely ground sand are filled with cement and tbe 
voids of the coarser sand are filled with the aand cement, thus satisfying the 
requiremenU of filling the voids and also uniformly distributing the cement 
throughout the mass of the mortar. 

KxporlmenlB made with lime mortar, hybrid mortarand cement mortars of dif- 
ferent proportioni of cement and aand gave ae follows : 

Briquette of lime; broke at 36 Ibe. 

Briquette of cement 1, lime 5 ; broke at 111 lbs. 

( cement 1, sand 2Sj ; broke at 118 lbs. 

Briquette of sand cement: ] cement 1, aand 35; broke at 100 lbs. 
( cement 1, sand 38; broke at 67 Iba. 

In actual building with aand-cement mortar, the theoretical advantages above 
sot forth have been surpassed. 

A lalwratory building waa erected in Sweden in which sand cement was auc- 
eeisfullj used in proportions of cement 1, sand 51. The advantages obtained by 
the use of sand cement led to the erection of several plants in Europe, one in 
Bruoklyn, and one at Glena Falls, N. Y. Tbe cost of plant and the freight on 
sand has restricted the use of sand cement to where sand ia plentiful and the 
buildlntt to be erected in of some magnitude. The foundation for the cathedral 
of St. John the Divine in New York city was of this material, The time required 
for itrindlng 2100 pounds at the Brooklyn works was one and three-Iourtha hours. 

We found that there is the same physical difference between the form of the 
particles of silica and of ground sand as between those of natural cement and 
I'ortland cement; a fact that will justify us in believing that silica cement will 
Iw of greater value as an ingredient of mortars than sand cement. Tbe fineness 
we found waa au important factor in the value of sand cement. That as made at 
tbe llrooklyu works was ten per cent, residue in a ISO-weah sieve; while silica 
obtained from MoPheraon gave a residue of four per cent, in a 200-mesh sieve. 
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THE ATCHISON DIAMOND DRILL PROSPECT HOLE. 



Bead betoie tbe Academy, al Topeka, Daccniber Z«, 1900. 
lu the BpriDg of 1899, Mr. Chas. Crawford, a coal dealer of Atchisoa, meo- 
tioDed to Mr. B. C. King, of the executive committee of tbe committee of fort;, 
that Mr. J. E, Carr was about to retire from the maoagemeDt of the North 
Leavenworth Coal Compaoy, and incideutaily told Mr. King that Mr. Carr be- 
lieved the same seam of coal existed UDder Atcfaisoo aa that mtced at Leaven- 
Mr. King trrote Mr. Carr inTitiog him to come to Alchiaon and took over tbe 
situation. Mr, Carr and his son did eo and gave it aa their opiDion that coal ex- 
isted; but they expressed a wish to see tbe records of tbe prospect boles which 
had been drilled in and about tbe city. When the writer learned of this desire 
on tbe part of tbe Messrs. Carr be at once placed at their disposal copies of such 
university reports aod transactions of this Academy as he had. 

Tbe writer then became interested in the matter himself and began looking 
up records which did cot appear in those publications, Ue also began studying 
the geological formation near Atchison, making numerous trips to various points 
where there were outcroppiogs of coal or rock. On one of these trips, in com- 
pany with Prof. E. B. Knerr, of Midland College, especially valuable information 
was obtained. 

In looking up records much assistance was given by Mr, M, Noli, a pharmacist 
of Atchison, who furnished several records as well aa a chart of a diamond- 
drill prospect hole at Valley Falls, Kan., about twenty miles southwest of Atchi- 
son. This chart was plainly the work of Prof. E. B. Knerr, since tbe initials 
■'E. B. K." appear In one ooraer. As neither this chart nor a record of the 
prospecting at Valley Falls baa, to tbe knowledge of the writer, ever been pub- 
lished, tbe doscriptton accompanying the chart is quoted in full, in connection 
with this paper. 
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The ivBult of studying the geologioal farmatioc. ae ehown at the surface and 
by tbe vsrIouB records of wells, etc., was to convince the writer that Atchison 
wan situated over the Uoal Measures. It further seemed probable that a work- 
able iwani of coal IDigbt be found, in spit« of the fact that the published records 
at that time, Mpeclall; the record of what was called the Atchison deep boring, 
apprarinK in vol. XIV. page 35S, of the Transactioos of thia .Academy, gave no 
lodloatloQ that such a seam existed. In fact, the records, and in particular the 
oDS mentioned, aa it showed no coal in a hole 1304 feet deep, gave the impressioii 
that ooal would not be found. 

The secretary of the oompan; which drilled the well in question ioformedthe 
writer, however, that his company did find coal in drilliog that hole, which was 
made with a churn drill. This (act, in connection with the namerous stories to 
tb» efTsct that the correct records had been suppressed by interested parties, oon- 
ttrmtid the writer in hie belief that workable coal really existed. 

A report of what bad been found in regard to the geological formation at 
Atoblson was then ^ven the executive committee of the committee of forty. 
Tho executive committee sent a eubcommittee to Leavenworth to try to interest 
Mr. Carr again, as he had become rather discouraged on account of tbe bad 
aboning made by eiisting rei.-orda and the lack of authentic reports in other 
caaea. Mr. Cart was induced to visit .\tchison again, and he then advised tbe 
(wmation of a stock company for the purpose of prospecting for coal, and min- 
ing It, should it be found. 

Id acoordance with this suggestion a company was organized, July 19, 1889, 
under the name of "The AtchJeoo Mining Company, Limited," of which oom- 
paoy the writ«r was elected secretary. The directors, with the asaistance of the 
ootunlittM ot forty, raiwd about (3000 by subscription among the citizens of 
Atchison. Then the subject dragged for some time. The directors had agreed 
not to commence opeHtions until they had sufficient money in bank to meet all 

ProfeMor Haworth, of the state nnirersity, was then requested to viait Atchi-' 
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ODD and make a Keologfcal survey of tbe vicinity, in the hope that his report 
would be favoreibie and arouse new enthusiasm. This Profeasor Haworth did, 
and the report which he sent to Wm. F. Dolao, president of the company, ex- 
pressed his belief that no well had aa yet entirely penetrated the Cherokee shales 
at Atchison, and that their lower surface would probably be reached there at 
from ISOO to 1300 teet. The report summed up the whole matter as follows: 
"It seems to me that tbe probabilities of a workable vein of coal uaderlyio? 
Atchison are (airly good," 

The directors finally collected the subscriptions, but still lacked sufficient 
money to pay the price asked by reliable diamond-drill companies for the amount 
of drilling it was desired to do. Later, one of the drill companies, the Sullivan 
Maohinery Company, of Chlca^, took a contract to do some drilling near St. 
Joseph, Mo., nineteen mites northeaat of Atchison, for a lower price than they 
had asked of the Atchison company. This reduction in price was made, presum- 
ably, because the state of Missouri would have considerable drilling to do, as it 
had a fund to be expended in prospecting, under the conditions that, if the pros- 
peotiog was successful, tbe parties interested should bear the entire eipense, but 
if unsuccessful, the state was to bear one-balf the eipenae. 

When the directors of the Atchison company learned of this reduction in 
price, they immediately sent Mayor Donald and S. C. King to see the represen- 
tatives of the Sullivan Machinery Company, at Bt. Joseph. The price at which 
the work was being done there was such that tbe Atchison company could pay 
for the actual drltlfbg desired; but they were unwilling to proceed without 
watchmen, and they did not have sufficient money to pay reliable men for watch- 
ing at the drill day and night. The reason the Atchison company were unwilling 
to proceed without watchmen was because there were eo many stories to the ef- 
fect that the correct records of some of Che old prospect boles bad been sup- 
pressed ; and it was determined that there should never be any question In regard 
to the correctness of tbe record they proposed making. 

The writer was then seat to St, Joseph to obtain such geological information 
as was possible, in order (bat a comparison might be made of the strata at places 
near Atchison. A complete copy of the record of tbe Bt. Joseph well, as far M 
it hod then gone, was obtained; and this compared so favorably with the known 
record at Leavenworth, twenty miles southeast of Atchison, that It made the 
directors stilt more ansioua to proceed with tbe drilling at Atchison. But as tbe 
Atchison compac; did not have sufflcient money lo pay watchmen, Professor 
Haworth was appealed to. He responded by agreeing to send Mr. L. N. MorBcher, 
at the expense o( tbe University Geological Survey, to act as one of these watch- 
men, tbe writer to act as the other, and to keep a record of the strata passed 
through, for tbe survey. In return, the directors agreed to give the university 
the entire core from the hole. 

As it was thus made possible to finish the hole to a depth of 1000 feet with 
the money then on hand, a contract was made with the Sullivan Machinery Com- 
pany to drill a prospect hole at .^.tchison. It was provided in this contract that 
tbe hole should iie 1500 feet, if necessary ; that a two- inch core should be brought 
up; that tbe price of the first lOOU feet should be three dollars per foot ; that 
the price of the next 200 feet should be four dollars per foot, and the prioe of the 
next 300 feet should be fife dollars per foot: that tbe Atchison company should 
furnish fuel and water at the drill; and that there should be on deposit, in the 
bank, at no time lees than tbe contract price of 100 feet of drllliag. 

Under this contract work was commenced July 23, 1900. At a depth of 799 
teet the Leavenworth seam was found ; and when a depth of nearly 1000 teet was 
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reached, without badog peDetrat«d tbe Coal Messuree, the city oouncil i 
flQuUBb money to go to a deplh of 1100 feet. When k depth of UOO loet «&a 
reached boids of tbe directore thought beet to discontioue the work, as nothiog 
of valua bad been found in the last 300 f>-et. and the foreman in charge of the 
drill had said it was "burning the iieo- 
ple'a monej*' to go further. But, as 
there was hope of finding coal until tbe 
Coal Measures had been entirely pene- 
trated, others of tbe directors thought 
beat to contioue, and monef for the next 
too feet was raised. 

The Suliiran company, however, at 
first deoljned to proceed, as the letter of 
the contract had not been kept by bas- 
ing the contract price of the next 100 feet 
of drilling in tbe bank when the 1100 feet 
were Bnisbed, although this money was 
put in the bank later on during the same 
day. This matter was finally adjusted, 
and it was shown that it was due to a 
misunderstanding that Che Sultiran com- 
pany thus took advantage of a techni- 
cality. Inorder to prove their good faith, 
the SuUivan company agreed to drill the 
balance of tbe distance through the Coal 
Measures for three dollars per foot. 

Under this agreement the drilling pro- 
ceeded, and a 3C-inch seam of coal was 
found at a depth of 11S3 feet; a 28-inch 
seam at 11S7 feet 9 inches; and a 15- 
Incfa warn at 1197 feet 6 inches: besides many other small seams, as shown by 
tba appendMl record. By this record it will be seen that the drill penetrated in 
all Alghtsao •aims of coal, making a total of fourteen feet five inches, of which at 
least vlght fnnt is probablv workable coal. The core of the coal occurring at 879 
faat fi Inches la iiuit* remarkable, in that the bottom of it forms an aogie of 
about fortyllvn degret<i<. This shows that the drill penetrated this seam, either 
whare a fault occurs or nlsn where there is a horseback ; most likely the latter. 
Ths thint sketch illuNtraten the appearance of the core. 

Pmro tbn acnompanying tablii, prepared from an analysis of the .^tchisoo coal, 
niada by Mr. E- IS. Hayes, of the university, it appears that it is second only to 
thti Oharokee luiunly cual, anil as a gas coal is superior lo that. 

Whan ths Subcartmnirnroua, or Mississippian limestone, was reached, at 1315 
fnat, tt waa thought lieat by some of tbe directors to continue to such a depth 
that Ihem could tin no doubt of having entirely penetrated the Coal Measures. 
Tho drill, therefore, penHrated the Missiasippian limestone for a distance of 
thlrtyaiglil fmit. tbe core brought up showing it to have the same marked fea- 
turH which ohnrnctcrixn it in the oxtrenie southern part of the state, 200 milas 
away. This cor res pond nncn is further shown by an analysis made by Mr. F. B. 
Portar, a rnport of which avoomi>aniea this paper. 

Thn drilling was compltilod October IH, 1900, taking nearly three months, an 
RVaraga of ona day fur sach fifteen and one-half feet. The total expenditure by 
thn Aloblton nnmpany. for all purposes, vras about M700, or. roughly, C3.S0 pM- 
fool. 
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Bead before the Academy, at Topeka, Deeembei 29. 1900. 

After the core of tbe diamond -drill proapecl well at AtcbisoD was brought to 
the UDivereitf of Kansas, two samplea of the loweat strata reached by the well 
were analyzed in tbe quaatitatice chemical laboratory, under the direction of 
Prof. Edward Bartow. A sample from a point twenty-alx feet from the bottom 
aad 11S4 feet below tbe surface was analyzed by Maud Uodgdon, and a seooDct 
sample, from the last six inches of the core, was analyzed by N. L. Stewart aad 
tbe writer. 

The results of tbe analyses are as follows: 



(1d,1. 
Hodgdon 

Silicious matter 2.3i 

Silica laiOji 

Iron Olid ( FejOs) -. 

Alumioum oxid (AljOi) 65 

Calcium Olid (CaO) 53.98 

Magoesium oiid (MgOl 52 

Carbon dioiid (COtI, calculated (or CaO and MgO . . 42. 16 



N. L. Stewart and 

No. a. ^^1 

Btewart. Porun ^^H 

3.63 ^H 

2. 37* .^H 

■ 

.36 ^H 
52.45* 53.11 ^H 



Carbon dioiid, detflrmiued.. 
Moisture (HiO).. 



.( ) (42.41) 



48.29" 

(48.16) 



ToUls 88.73 98,43 C 

Tbe analyses marked (*| are from single determioations ; the remainder, from J 
an average of two or more. 

A hypothetical combination of the above constituents ia as follows: 



Silicious matter, ot SiOa 

Iron and aluminum oilds 

Calcium carbonate (CaCOj) 


No. 1. 

2.34 

66 

M.58 


2.27 

.83 

^.68 

1.51 

.14 
98.43 


3.63 
.36 
94.81 
1.04 
.09 
99.96 


Oataaa., 
97.3 








Totola 


98.73 


99.81 



Column i gives an analysis of the Suboarboniferoua from Galena, recorded iB 
the United States Geological Survey for 1891, part IV, page 505, and shows ths ] 
relation of composition of tbe same strata in two localities. 
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ANALYSIS OF MAGNESIA WATER FOUND NEAR MADISON. KAN. 



The followinff it 
Madison, Kan., set 
thirty leet : 



D aoalyais of well-nater Irom the farm of Mr. Arnold Girard, 
on 2, towDsbip 33 south, range 13 east; depth of well about 



SiO, 0.0138 gramB. 

FeiO» and AliOj 0,0118 " 

CaO. 0.5712 ■' 

MgO 0.6403 " 

NbiO 0.7042 ■' 

Na,COs 0.0636 ■' 

SOi 2.M46 " 



Corresponclliie to Uio followiiifc siilU 
calcaUted in I.(nO.<nO pnrte : 

SilioajSiOj) 13pi 

ClajbaseslFeiOaandAIsOs), 12 
MagnGBLumsulph.(Mg80.), 1,903 
Calcium sulphate (CaSC). 830 
Calcium carbon ate(CaC03), 396 
Sodium sulphate (NsiSOi), 1,360 
SodiumcBrboDate(NaiCOg), 63 
Sodium chlorate (NaCl). . . 115 



THE MUSCOTAH ARTESIAN WELLS. 

BY K. 8. K.NERR, UIOL*ND COLLEGE, ATCHISON. 

Read at Topeka Dt«ember 28. IWO. 

AloDg the baae of the east bluffs of the Grasshopper vallej, about oae and a 
halt milea south of Muscotab, there are a series ol intereating low, maraby 
mounds. The mounded area od the farm of Mr, H. M. Rice is about a hundred 
rods long by fifteen rods wide, and the mounds are five to eight feet high. 
About a quarter of a mile farther south, on S. H. Hubbard's farm, is aDother 
mound, about flfteen yards wide, sixty yards long, and eight or ten feet high. 
Two miles farther eouth, on James Miller's place, there are similar mouDds- A 
swamp is usually low ground, but here the swampy ground is the highest. Early 
in September, 1900, Mr, Rice concluded that if be were to sink a pipe near one of 
these mounds he would get an artesian Bow of water. He bored a test hole with 
a two-inch auger, and at a depth of Ihirty-four feet atruck a flow of water so 
strong as to force up pebbles the size of bickory-nuta. A two-inch pipe was 
forced into the hole, and the water rose to overflow tbia when it stood tlfteeo 
feet above ground. The (low from this two-inch pipe is fifty gallons every fifty- 
live seconds. The water is as clear as crystal, very palatable and cold, register- 
ing a temperature of fifty-six degrees F. The waterdepositaa alight iron coating 
over the barrel into which it flows. Calcareous deposits are also found in places 
about the mounds, indicating mineral properties for the water. 

The formation of the mounds is eiplained by the water pressure carrying up 
sand and soil and depositing it at the surface. The mounds are covered by bul- 
rushes, cattails, and other usual swamp growth, which holds the soil, preventing 
ita being washed down. The water springs from over the whole surface of the 
mounda, and away in smalt streams. Thus, the peculiar circumstance arises 
that the swamp is high ground, and the firm soil is lower. The date of the above 
observations was Saturday, September 22, 1900. 
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AsaljaMof tba vmtor gare the followiag results per titer: 



^ta 

r«o... 

CkO... 

ii«o„. 

KiO... 



. .0380 grams. 

. .0S3O •■ 

.0176 " 

.0*51 ■■ 

-1685 " 

.0356 ■■ 

.0M5 " 



NaiO. (JUlgmoM. 

Urf) combined 07« " 

COi combined 36« •■ 



Tbo ptolMbIs eombinatioii in grains, p«r U. S. gallon, is aa follows : 



BiOi 1,6324 

KaCt 1.6907 

KMSOi 1.3010 

IWOi SftllO 

1.9761 



MgH^COa!: 5.1712 

CaHifCOitj CT.iiaS 

FaHilCOth 6.5171 



WATKR^UPPLY FROM A S.VSITARY STANDPOINT. ^ 

BT F. O. MAKVi:(, C. X., CXIVBBSITV OF KJt.TSAS, LAWKESCE. 
A lK«Bt*4^nnd twliin • mnlal mMtlii« of tbe Academy, at Topeka. Junarr B. HOI. 
As • riliiii Kad«nt of the aaimsted forces of Datiire becomes nwre and more 
r with Uw Tattoos tndindual a|«ciee that make up the oomplicatrd faaoB 
t( and vilh tbe w^ in which she carries on the life [iiimw ot tbe dif' 
(■niaatuns, tbe mot* b he (drccd to a iwn^ition of the fhet that there 
fliiuiiialaal iliiim.]! fiii ipdividaal erisleooe. Lilept«7aDpan life. The higher 
l.^ffM attBi^ and kill the lower, apprapriatinc tbem for food oc getting them out 
I af tbe w«7 if ioiiBic*! ta tbetr devokprneot. In torn, thraa^toDt the whole 
I Mfi ol IHiBB oataaiatBB, Um lover reeiata this attack and apiirapriatioo, and 
BBltiptiatr ot Dnmbrts or a coi]Dtei-«ttach in the domain ot para- 
la Main tain and p«r[>etual* iia owd. Joat in proportion aa any type 
l^oinw ■> afaaitr to waid off attack froot its Nwmiea on the one luuxl, and on 
flkB«lh(v*>MaiMtbeTitaleM«(ieaaf tfaoaeot the kiwor trpi» that eananist 
I aaj «aj i> ila own paiiu— uncii. does it bav* cbaaca of a'nfttml and con- 
■tioa a( ita own miti nsd chanctNiMicn. 
Matt btaMll te Mt ucnpt fran tbia atracgle, but be has tbe adrantage of a 
jJBhril^— Mvwbkh.Mnia«tw»mr.b»doe»aotmlw«jn««tciMtohiabene- 
B* oOn m nrtes aad ooadiicta tba iJtain el Ua ^Uj life an to create ooa- 



Ak^vaMv, ■MdaBdtb*aaaamtb«natnt»] poi 



■ of Baa, and e»cli ia- 



ilbaaaataaliaBaUatiKbttoAfirnMi. If b» ia to dwiT* tbe ■ 

~ an ttaamtaiae at tUiritbt,lb«M atMaiato Mart eoatoin nothing that 

dtohM; ttallito«Kr.lkalttei^«iaMbaalMa. tbe water safk, the 

Larttteaitt aavattaiad. AbMtaM pwi« fa tba» nlMNots hae no 

iiiMaat !■.■■< ft laaaataa to toaiaiaaaanh; baOt i*a«a«^iibin the 

It 14^ todtaaaad aba> tbeto ibaH be iMe iMto Itonatal eaaiaminstwas. 

MlAartoarbeaaadwttbsalMr- tUa tadMSaal tigbt atan cwtiM with it 

■ihM^ la^nanbili^. til, tbe avoUMMe «4 aay paraanal act, whether 

liar H hiw in . ifcafay n aait t>we mimmmtt a a toli tool 




CHEMISTRY AND PHYaiCS. 



5S 



I 



I 



self or his Deighbor. Moderc man, od the ooDtrary, is a fixture in ooe location, 
and this, together with bis ^egarious habits, terida to a cocceatratioD of the 
waste products of his own activity, a ayfltem of life that we boastfully call clviliza- 
tioD. This brings evil through rendaring theae commoD heritages unsafe for use. 
Thv'Very best and keenest intelligence of the race has been and ia being brought 
to bear on the problems that have arisen under these conditions. Much has 
been learned of the means to be employed to avoid or lessen its effects, but there 
are still many things that are seen but imperfectly — many problems still un- 
aolved. It is the province of this paper to briefly summarize the condition of our 
knowledf^ with reference to one of these elements, viz., water. In view of the 
tact that nearly five-siitbs of the human body is composed of water, and that five 
or six pints are required daily for its euatenance, it would seem that every intelli- 
gent person posseasiog a lively instinct of setf-preBerTation should desire to be 
poBseased of all possible knowledge relating to its quality and the matters carried 
by it. 

The sources from nhich supplies are obtained are four: From cisterns that 
catch and store the rainfall from roots; shallow wells tor the supply of isolated 
dwellings, or, when built larger or coupled together, tor the supply of towns; deep 
wells, furnishing artesian water; rivers, or lakes and ponds, either natural or 
artificial. The common source is the rainfall, and it may clear the discussion it 
we trace this through its various stages, before it appears in a private or public 
supply. The water vapor that has arisen from the surface of land or ocean is 
condensed and falls as rain, washing the air of its mineral and organic dust, and 
absorbing also soluble gases, if any are present — ammonia, carbon dioxid, sul- 
phur oi ids ,.etc. Even the rainfall, then, is not pure water, and when gathered from 
city roots it is further made more impure by the roof wasbinji^B; so that cisterns often 
contain a considerable quantity of mineral and orgnnic matter, either dissolved in 
the water or found at the bottom in a putrescent mass. In the smaller towns it 
is not likely that the amount and character of such impurity will tie detrimental 
to the health of those that use the water, if cisterns are kept reasonably clean : 
but in larger places, where dust and t'moke are much more abundant, such water 
may. be at least objectionable to the senses of eight and smell, if not absoiulely 
harmful. 

When the rain Caila on the ground It gives up to the vegetation its ammonia, 
and in return takes up from the soluble rocks certain of their salts and washes 
from the soil its earthy or organic dust, thus becoming richer in carbon dioxide 
and albuminoid ammonia, and with increased solvent power. Flowing from the 
highlands to the regions of forest and plain, various organic substances are ex- 
tracted which add to the impurity of the water, and often give it a decided color. 
An undulating country, underlaid by sandstone formations and covered by a suc- 
cession of forest and meadow and peaty bog, fumishes a brown or amber water, 
the color being derived chiefly from decomposed and caramelized carbonaceoue 
matter. The water flowing from a limestone region, where the rocks are ot a 
more soluble character and have given up some of their elements, is more apt to 
be colorless, though harder than the brown waters, and often containing asmuch, 
or more, org-anic matter. The rills and rivulets run together to form the larger 
streams, adding constantly to their burden ot suspended or dissolved matter, both 
mineral and organic. The former kind ot these impurities does not trouble the 
sanitarian when dealing with a surface-water, unless the matter ia present in an 
excessive amount, as is the case with some of our larger western rivers. .\nd 
here the difficulty is one connected with the appearance of the water or the dis- 
agreablenesa of its use, rather than on account ot any direct bearing that the 
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preseoue of the mioeral constitueata may have upon the health of the coDSumeis. ^^| 
But n'ith the orgaoii: mfttt«rs of a water we have much to do, because these do ^^H 
have BD inOuence upon health. ^^H 

It IB, then, eaaential that we should koow in what ways this organio mat- ^^H 
ter appears in a water, what chaDjteH it UDderiroefl, what life autJTitJea aconm- ^^* 



ter appears in a water, what chaD^a it uoder^efl. what life autJTitiea i 
pany these, what becomes of it, haw its history ie recorded, and how all this is 
related to its aafe use. It must be said in the outset that even such amouDts of 
orKaoio matter as would offend the eight or our secse of smell are not neces- 
sarily injurious to the human system. It is probable that they do affect us by 
weakening our power of resiitance when attacked by disease, but we do not know 
as yet in just what way. However, observation and e)tperieDce have taught us 
that its presence is frequently accompaoled by living orgauisras that seek lo 
fasten upon us, to set up disease or cause death. Hence, to the analyst or engi- 
Deer who is called upon to judge of the character of a water as to ite fitness (or 
human use, the mere presence of these organic matters will not lead tt> a con- 
demuation, but will be regarded as a danger signal which it is wise to heed, even 
to the total reiectioD of the water when the organic matter indicates coDditiona 
fa>'orable to the presence of disease germs. 

In making an analysis of water the chemist eiugles out the nitrogen as the 
significant substance, because this forms so targe a part of the objectionable nat- 
ter. In the first stages of the change in vegetable or animal tissue, this appears 
in the form of certain compounds of ammonia which are derived from theorgaaie 
nitrogen of dead matter through the agency of several forms of low plant life — 
the molds, fungi, and certain species of bacteria, which attack it and break it 
up. This in the process of putrefaction. It may take place in the absence of 
air, and may be accompanied with the evolution of foul odors. When the in- 
soluble organic nitrogeD has been thus changed into the soluble forms of albu- 
minoid and free ammonia, these in turn are attacked and broken up into new 
compounds by otherspecies of bacteria, provided that there is present a sufflcieut 
small amount of oxygen, as this is a necessory element of their life. In the re- 
sult, the nitrogen, as nitrouB acid, unites with various bases to form nitrites. 
Then another set of bacteria requiring more oxygen work these over into nitrates, 
a final stage, when the nitrogen has lost its organic character and become com- 
pletely oxidized and mineralized. 

The principal factors in bringing about all these cbaoges are the bacteria, a 
class of very minute microscopic plants, very little known twenty-five years ago, 
but which have been recently studied the world over. We have learned many 
things about them, and have put some of them at work to do our bidding, illue- 
trations of which will be spoken of later. 

But we have not done with the changes that take place in our Ditrogen. 
After it has reached the condition of nitrates it is in proper forrn to become the 
food of plants higher in the scale than those that had used it t>efore. These are 
small, almost microeooplc, chlorophyll- bearing plants, and consequently having 
greenish colors, that float about freely in the water or become attached to larger 
growths, They appropriate the nitrates and restore them again to organic forms 
within their own structure. Then these algie become the food of the lower ani- 
mal life, or, perbape, die from excess of numbers or lack of sutticiect food; when 
the dead matter is attacked anew by the bacteria. This completes the cycle of 
the nitrogen — organic nitrogen, the soluble ammonia compounds, the nitrites, the 
nitrates, and back again to organic state. 

This cycle is not always complete. If the ammonia compounds are set free 
under conditions of little or no oiygen, the nitrifying organisms do not find all 
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tbat th«r need to do their work, notwithstandiog that the food is plenty. If the 
change has been carried to the nilrate Btage, the alg:i' cancot appropriate its 
reeulte in the absence d! light and oiygen. SometimeB there may occur an ap- 
parent retrograde moTement. It, in tbe case of a water rich in nitrates* there be 
an addition of organic matter capable of de com position, together with the orgaa- 
isms capable of doing tbe work, tbe; ma? take the little oxygen that they Deed 
from the matter already oxydized, so that an analysis would ebow a less quaO' 
tity of nitrates and an increase Id the amounts of nitrites or ammonia. 

A right understanding of the changes through which tbe nitrogen goes is 
essential to a correct interpretation of any water analysis. A atrong tendency to 
stability in the form of tbe nitrogen ia a favorable indication, A state of cbaDge 
is a condition of danger. Large amounts of ammonia or nitrites indicate an in- 
complete purification, and also a recent contamination. Uig'h nitrates indicate 
the osidation of the organic matter, but ateo that there was a previous con- 
tamination at some time. If large numl>ers of bacteria are found, this points to 
an abundant food supply and to an active state of change. 

The chief difficulty in drawing conclusions from the presence of nitrogen lies 
in its instability and tbe rapidity with which tbe changes occur. There ia a aub- 
HtBDce, however, chlorine, that preserves its character through all tbe changes 
under which water is modilied. Almost all waters have some amount of this 
substance present, and this is fairly constant for any given locality. When this 
normal amount is determined by eiaminationa of waters known to be free from 
pollution, the finding of any excess over this normal in any water may be fairly 
assumed as indicating organic pollution; and inasmuch as chlorine always forma 
one of tbe constituents of sewage, such pollution can be traced to tbe discharge 
of a town's sewage into a stream, or tbe leakage of the contents of a ceaspool 
into a private well. 

The interpretation of a biological analysis of a water Is a much more difficult 
matter than that of a chemist's investigation. Tbe science of bacteriology is so 
new that we do not as yet know just what to look for on the one band, or, on tbe 
other, just how to do It. But our knowledge is being added to faster than one 
can easily keep pace with it. So far, the only biological analysis tbat has come 
into general use. outside of laboratories devoted chiefly to some special scientific 
investigation, is a quantitative one, being simply an estimation of tbe number of 
the bacteria in tbe water, made from a count of those present in a sruall volume 
of it. As has already been said, if large numbers are found, there is indicated a 
strong activity and rapid change. But what we want to know is much more 
than this: just what species are at work, what are tbeir life-bistoriea. how they 
act and react on each other, which ones are detrimental to us and which ones 
are our helpers, and how we can put them to work. 

We have learned bow to isolate and study the habits of many of these mi- 
crobee, but not all of them. We know, in a general way, how our friends, the 
aaprophytio bacteria, or the scavengers tbat accomplish tbe work of putrefaction, 
do their work. Tbe nitrifying organisms, also our friends, we are fairly well ac- 
quainted with. By a combination of chemical and biological methods, tbe expert 
can often trace a sewage contamination tor long distances. Indeed, a microbe 
or microbes that surely indicate such source of impurity can be found long after 
the chemist fails to find any trace of such contamination, because of the degree 
of its dilution in the water. Many of tbe germs of water-borne diaeaaes, such aa 
typhoid, cholera, and malaria, are known, and have been studied. We also know, 
in a general way, that tbe conditions which are favorable to tbe growth and de- 
velopment of tbe minut« organisms which are our friends are not favorable to 
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the life o( those which are our enemies. But this relatiooahip baa not yet bMB 
worked out. Then, too. there are no practical tests that can be applied to » 
water by which the preaence of theae daDgerous germs m&y with certainty be de- 
tected. Cerhape no such testa will ever be fouod, because of the comparative 
smali Dumber of the enemy that may find their way into the water, and the con- 
sequent small probability of catching some of them in taking any sample for ex- 
amination. Probably we shall hare to remain content with indirect methods, 
from which the presence of these germs may be inferred, rather than to exi>ect 
the development of any method for their direct detection. 

Something more must be said regarding the alga?, InveetigBtors of low water 
life have been bo attracted by the infinitesimai bacteria that these plants hare 
been much neglected. Inasmuch as a once-polluted water cannot be said to be 
wholly purified until its nitrogen has gone through a complete cycle, until its 
nitrates have been used by the algu^ and these have disappeared through starT»- 
tion. it seems probable that a knowledge of their habits would enable us to use 
some of them in correcting bad conditions produced by other forms of life, and, 
on the other hand, to prevent the appearance of evils that sometimes arise in con- 
nection with an exceesite growth of some species of these plants themselves. 

Mrs, Richards, in her recent book, "Air, Water, and Food," has this to say 
concerning these plants: 

"It is organisms of this class which give tastes and odors to water, and which, 
if enough were known concerning them, would probably give perfectly trust- 
worthy information as to the imst history or source of contamination. The two 
classes of organisms work in opposite directions, and, so long as food is preaeot 
for either, life will increase with proportional rapidity. When a ground- water, 
tree from all organic matter, but rich in nitrates, is exposed in an open basin, the 
' rich growth of chlorophyll- bearing alg^ follows as a matter of course: later, 
decay seta in and products of decomposilion abound, the air above being the 
source of a constant supply of spores of all kinds. 

"When a house or barn drain empties into a small, slugeish stream, it soon 
becomes filled with green plants thriving oh the ammonia, and it is often pOB- 
fiibls to trace the source of pollution of a large lake by the line of green amifbina 
leading to the insignificant ditch, 

"The effect of storage of water containing high nitrates in open tanks or res- 
ervoirs exposed to the collection of dost will be that spores of chlorophyll-bearing 
algiie, diatoms, desmids, etc.. will soon develop, and nill increase as long as the 
mineral food lasts. Only by protection from dust and light can such water be 
kept free from unpleasant accumulations of auepended organisms or from disa- 
greeable tastes. Unpolluted surface-waters, on the other hand, improve on Stor- 
age, as a gensral rule, if the basin is a clsan one. The storage of polluted or 
clarified water is thus forbidden, since not infre^iuently the first indication of the 
pollution of a surface supply is given by the appearance of some member of that 
richly nitrogenous group of algffi called Cyanophycea!, or ' blue greens," from the 
presence of blue or purple coloring matter along with the yellow-green chloro- 
phyll. Since this group of plants contains from seven to eleven per cent, of ni- 
trogen, while other groups contain only one or two, it is evident that, if it is to 
flourish, more nitrogenous food must be supplied. This may be derived from 
fertilized fields, from decay of other regelable life, as well as from the richer 
source of direct sewage; but, in any case, the growth of these plants is a sign of 
abundant food supply, which must be cut otf if they are to be starved out, as 
they must be, unless they are removed while fresh by straining or skimming, for 
the odor of their decay is so intolerable as to preclude the use of the water. In 
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B Cftaea the odor accompaajmg their growth renders the water quite objec- 
tiooable, and neither aatural nor artificial filtration in able to remove it. 

" Either natural or artificial basicB raaj have a collection of vegetable matter 
on the bottom, which alowly decomposcH in aummer, and, aince the bottom water 
ia colder, the reaultinK ammonia remains till the late fall overturn, when it ia 
brought to the eurface, where it favors the growth of diatoms and other cold- 
water plants. Certain diatoms, as s.Bterionella, cause diasgreeable odors. Such 
baeins show the least ammonia in early October aod the most in late November. 

"In order to make any predictionsau to the probable development of this flora 
and fauDA of water, eiperience and at lesat a year'a watching of any given aup- 
ply are required, until more is known of the life-history of these forms of life. 
Nothing is more needed to-day than work along these lines. When may disagree- 
able tastes and odors be expected ? What precaution or measures may be taken 
ID each case to prevent them ? These are the questions the waterworks superin- 
tendent, equally with the consumer, is asking, for the most part VBlnly, as jet." 
le of the Eastern states these alg?e have caused much trouble, especially 
e water is stored in ponds and small lakes- In our own state there has been 
i little trouble with tastes and odors, probably due to this cause, where a 
aupply is obtained from a small stream, and, as the state becomes more densely 
tM)puIated and more water plants are built, many of which will be forced to col- 
lect and store the water, this ia quite likely to increase. 

At the present time in Kansas most of our water-n-orks planta secure their 
supply from ground-water. This comes from that part of the rainfall, some 
twenty-fivo to forty per cent., that soaks into the soil and becomes partially or 
nearly purified by its action. This percolates more or leas slowly downward, ac 
CordiDgly as the soil is close or open in texture, until it ia slopped by some imper- 
vious stratum; then it flows in a sheet in the strata immediately above, which 
are completely saturated. This motion is a slow one, varying from only a lew 
inches a day in clo^e, clayey soils, to several feet in the open, sandy or gravelly 
layers, and iaoneof continuous progression. This sheet- water does not generally 
lie very deep and is constantly seeking an outlet, where it appears in the shape 
of springs, or breaks out beneath the beds of rivers or sot aller streams. This 
moveajent of the underground water is too little realized by the average man who 
digs a well, and thinks, because the waterderived is clear and coot, that it ia a safe 
one for hia use. The fact is, that even the isolated well of a farmer's home may 
harbor mueb of evil, while town wells as a whole are often much more dacgeroua 
than the public supply which may be furnishing a water less palatable or pleas- 
ing in appearance. The reaaons therefor are not far to seek. 

In the soil, which is acting as a filter (or the purification of the water that 
passes through it, much the same agencies are at work in performing the task as 
were found accompanying the changes in surface-waters. In its top layers, 
chiefly within the upper twelve inches and rarely extending any deeper than 
three or four feet, are found the nitrifying bacteria, different in species perhaps 
from those at work in the adjacent streams, but yet with similar life-hiatories 
and producing similar results. In the shape of nitrates they return the nitrogen 
to the soil, where it can be taken up again by the tiny rootlets of growing plants. 
If these organisms have time to do their work, if the conditions of temperature, 
supply of oxygen, etc., are adapted to their need, then the water of the lower 
layers is freed from its organic nitrogen. An analysis of well-water then shows 
very tittle albuminoid or tree ammonia and probably no nitrites, while all o( the 
suspended matters that give cloudiness or turbidity to the water have been 
strained out and left behind in the interstices of the soil. On the other h*"'' 'f 
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tbe condiliona Are oot tight, or tbe passage through the soil ie too rapid, tli9 
proceBG of obange maj be interrupted, and the acatyst will find the well-water 
oontainicg evidence of the fact in the aiuoucts of aininonia preHent. Cracks aod 
eeame io the eoil, such as are liable to occur in clayey matter iu dry times, afford 
quick passage; and in the case that the Hurfa:;e soil has been polluted iu au; 
way, as, for InstaDce, by the throwing out of the discharges from a typhoid pa- 
tieut, such matter may suddenly make its presence in tbe water known by caus- 
ing disease in those who use it. Again, at times of heary aod locg-continued 
rains, by the saturation of tbe upper layers of the soil, the re>]ui9ile amount of 
oxygen for the maiDlenauoe of the nitrifying bacteria may be much lessened, 
thus destroying the proper balance between these forms and the putrefactiTe 
bacteria which accompany the firat stagea of organic change. Here, again, tbft . 
water would show an absence of nitrates and an excess of ammonia. I 

Generally speaking, tbe water derived from this underground flow, when fil* 
tered through an unpolluted soil, is a safe one; as safe, perhape, as any that can 
be gathered. But there are troubles that are peculiar to this method of obtain- 
ing a supply, some of which have illustrations in our own state. Tbe water is 
Bometimes impregnated with iron in solution, which, on exposure to the air. be- 
comes precipitated and forms a very light, finely divided mass of floating parti- 
cles that are very hard to remove by any other means than filtration. The time 
required tor ordinary subsidence is considerable and ciemands larger reservoir 
capacity than would otherwise be needed. If this iron-bearing water holds also 
imperfectly broken-down organic matter in solution, even if it be small In amount, 
under conditions when the average temperature of tbe water is somen'hat alxive 
tbe normal, and In the presence of suilioient oxygen and the absence of light, 
there Is very likely to develop, with great rapidity, an enormous growth of a, 
species of bacteria called crenothrix. This microscopic plant is a simple cell en- 
closed in a gelatinous sheath, in which it secretes iron from the water. Though 
minute, it grows in large tufts and masses that are easily seen by the eye, fastened 
tu the sides of a well or floating free in the water. It seems especially to attach 
itself to any woodwork, and also grows on the sides of the pipes of the distribu- 
ting system to such extent as to reduce their effective size and increase the fric- 
tion, Detacbed parts of these masses are carried far into tbe pipe lines and, cot 
finding sufficient food or oxygen, die and decompose, giving a. fishy taste and odor 
to the water and making it unfit for laundry use, because of the staining effect of 
the iron that was secreted. Whore water is obtained through driven wells these 
organisms cause a deposit of iron, which closes up the fine holes or slits of the 
points, making frequent renewal necessary. These little plants are not atall un- 
common, being found in some degree continuously in waters of this character. 
In some locations they seem to come and go, making only occasional trouble, 
while at some points it has been found necessary to abandon a source of supply 
because of them. The underflow of the Kansas river valley seems to be liable t» 
trouble of tbis cause. 

The storing of tbls water in tanks and reservoirs open to the light would pre- 
vent the development of this organism, but such method would probably lead to 
a development of the slgie, which find an abundant food supply in the mineral- 
ized nitrogen. 

The pipe-line system is not free from a large range of both plants and animals, 
which sometimes develop in such numbers as to cause a. good deal of trouble. 
There is a small animal, barely visible to the eye, that grows in colonies or 
masaes to such an extent as to coat the interior of pipes to the depth of halt or 
three-quarters of an inch. Tbis reduces the sectional area of a six inch pipe by ] 
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fittmn per cent, or more, at the same time preBeoting a very rough surface to the 
flow of water. Thit aaioi&l, beldngiag to the family of the Polyzoa, forma for itself 
K tough, gelatinous sheath or case, coDtaining its vital parts aad having ita mouth 
at the free end, surrounded by a fringe of tentacles, by means of which it draws 
in ita food from the water. The other and of this case is fastened to that of some 
other individual from which the first had been born through a process of bud- 
ding; so that a mass of these taken together much resemble moss, so much 
80 that water-works men hare given the oame of "pipe moss" to these growths. 
The distribution system may be thus affected throughout its entire length; 
the smaller mains and the service pipes may be almost clogged ; when de- 
prived of sufficient food, the animals will die, their bodies will decompose, and 
the water drawn from the taps may be discolored and ofTensive. The pipe sys- 
tem at Lawrence gives some trouble in this way, and the evil is only kept iri 
check' by vigorous Hushing of the mains during the summer season, causing a 
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tax upon the pumps. 
of these organisms spoken of above ia detrimental 
annoyance to both the water-works men and the 
le that a reasonable amount of them, together «ith 
enefit to the water of the mains, through maintain- 
only when the conditions are such 
degree. There are no known reme- 
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So far as is known, neithi 
to health, though they causi 
consumers. It is probably true 
other similar organisms, is a bee 
ing a balance of life. Troubles 
that some one form develops to 
dies which act as a specifics, and much more detailed knowledge of the life habits 
of the entire class of micro-organisms must be obtained before we can know hov 
to deal with these problems in a satisfactory manner. 

Of the last class of waters, those derived from deep wells, there is little to b« 
said in this connection. Generally they are quite free from organic matter, 
which has all been changed and filtered out by the alow passage through the soil. 
Because of the solvent action of the water and the gases and acids which It car- 
ries, this class is more or less impregnated with mineral salts, sometimes to such 
an eitent as to prohibit use in public supplies. In any case, it is the province of 
the physician to eay whether the waters are fit for use. When designed for use 
in the arts or in manufacturing, these mineral constituents become of great im- 
portance, and the judgment of the chemist will alone control. The chief ingre- 
dient present in Kansas waters of this class seems to be salt, and this ia 
* encountered over a large part of the state at comparatively small depths below 
■ the sheet-water. In the aoulheast, on the tlanks of the Ozark uplift, is found a 
very good water that serves as a source of public supply. But, as one goes 
westward from this range of mountains, the artesian water seems to have in- 
creasing amounts of mineral matter, though it is probably ample in quantity. 

In all that has been said above, It has been assumed that the nitrogen, repre- 
senting the organic matter, is the polluting material. But, in reality, this is not 
so. The true cause of moat of the trouble to the human sj»tem that arises from 
a water-supply, lied in the admixture with it of something from the waste of 
human life itself. In all life it seems to be a general principle that each indi- 
vidual cannot exist in surroundings which are filled with the caat-off products of 
its own life activities. So the germs of water-borne diseases find their way into 
the water from some individual that ia sick with one of them. The dejecta of a 
typhoid patient, thrown out without proper disinfection, may t>e washed into a 
clear, sparkling brook and carried b; it to an impounding reservoir, and thence 
into a town supply, with the result that there is an outbreak of the disease. It 
does not follow that every one who drinks of the water must become sick, tor 
tills depends to some extent on the resistant power of the individual. 
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triw that aveij ease of typhoid come* from a germ that ia th? ee«d ot the disease, 
aa auKtf aa the acorn must precede an oak, and that the seeds of most casra are 
carried bj driokiDg nater. Marveloasir evil results from appareotly iQBigniScaDi 
cauaea are not at all oncovamoD. 

Bewage, tben, must be considered as the worst elEment ia producing pollutioD 
matter that sbould by no means be discharged into an; Btream used for a wat«r 
supply, or cast onto an; WBtershed from which such a supply ia gathered. 
Right bere comes a serious problem tor the sanitarian, the engineer, and the 
WH. Water is not only necessary to ua in our life processes, but is also on 
our chief burdeo bearers; principally the carrier of our vaates, tcbicb itises 
tial to remove from our eoTironment. There is no more economical and sanitary 
way of tnnsportiDg sewage than by means of water flowing in tight aeweia. 
}Iow can we continue this method and still preserve our sources of supply from 
sevage contamination? Or, it a supply is being polluted by sewage or other 
cause, how can we remove tbe polluting matter eo ai to furnish a safe supply ! 

The evils to be remedied are by no nieans new, and efforts have been made 
for fifty years or more to find a solution of the difficult problems. The density 
ot-the population of the older countries of Euroire bas forced these matters to the 
front, and more less successful attempts have been made to purify both sewage 
and water for public supplies, while stringent laws for the protection of streams 
and tbe collecting watersbrde of reserroirs have been passed and enforced. For 
many years the chief incentive of thoee who advanced any new method of sewage 
treatment seemed to be the desire for a financial gain through the recovery from 
tbe sewage of its valuable constituents. Chemists can analyze sewage and figure 
the value of its nitrogen, phosphorus, etc., at current market prices, thereby 
estimating the total worth of yearly flow from any town. English estimates 
were placed at various figures, and tbe matter was gravely discussed by many of 
the leading scientists of the day. The value of London sewage was placed at 
from five million to twenty milliou dollars per year. A parliamentary commis- 
sion argued tbe matter in minute detail, and arrived at a value of four cents a 
ton as a safe and conservative estimate. These discussions stimulated the in- 
ventive mind, with the result that the English government bos granted 500 or 
more patents for tbe treatment of aewage. In many cases thete proprietary 
methods were actually tried by companies formed to manufacture fertilizers for 
the open market, and so well were some of these enterprises exploited that they 
for a time paid tbe promoters, notwithstanding tbe fact that the product manu- 
factured bad little real value — by no means commensurate with the price asked 
Iberetor. Theae patents involved mainly the method of chemical precipitation, 
and called often for the use of precipitating agencies that would render tbe 
etttuent more foul than tbe sewage itself. 

Nor ia it strange that the estimates of the fertilizing value of sewage should 
have turned attention to its utilization on land and the growing of crops through 
irrigation. Sewage farms sprung up all over England, and their financial success 
was much talked Bt>out, b[ first. Hut it was learned gradually that sewage farm- 
ing with raw sewage and sewsge purification were two very different things, that 
ran opposite rather than parallel : that when worked for the crops the effluent 
was poor: and when managed to produce a good effluent, tbe crops would not 
balance the outlay. 

But the idea of fiDanoial gain bas passed, and the underlying principle nowis, 
as It should be. how to secure a good effluent, and so purify the sewage that it 
can be turned with safety into a running stream or on to a water-supply's drain- 
age areai If, as a result of the method used, there is any return by way of & 
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orop or a renarkable product, this ih dow rightly coneidered as a happf result, 
bwt an entirely aeoondary one. 

'Chemical precipitation haa been tried with ali sorts of subatancee as precipi- 
t&nta, but securiug ouly a partial purification, which amounts to aayiag that the 
elllueDt ia etill impure, and, therefore, unsafe. Where such a degree ot treat- 
ment is wanted as will insure a stream from becoming offensive, and where this 
is not used for a source of supply, the method may find an application. An 
electrical treatment resulta chiefly in the formation of an antiseptic, which ia 
supposed to act directly oo germ life, and alao of a precipitaut eet free by the 
current. It fails of complete actioQ. 

Broad irrigation reeults In a water-logged soil that neither benefits the crop or 
creates a good effluent. 

Intermittent irrigation, rightly managed, and where a sufficient area of suita- 
ble open, sandy aoll can be obtained, solves the problem quite well. It is, how- 
ever, of limited application, because of inability to find the right kind of land in 
necessary quantity within easy reach of many towns. The method baa been in 
use for some years, but the soil's action was not ucderstood, or very imperfectly 
BO, until the state board of health of Massachusetts, through its experiment sta- 
tion, at Lawrence, and the high skill and great ability of its experts there at 
work, discovered the matter and gave their results to the world. They first 
brought the alow aand-filt ration process into line with exact science, whether ap- 
plied to sewage treatment or the purification of water. 

In this process the water or sewage is slowly filtered through a bed of sand 
about four feet thick. The filtering material may be of almost any average size 
of grain, from Bee sand to coarse gravel, the rate of filtration and the size of the 
applied dose being regulated and properly adapted to each grade. In the upper 
few inches of this bed all ot the chemical changes take place by means ot the 
bacteria that there become established. These are very largely ot the aerobic 
type, so that the filter has to be worked intermittently; that is, allowed to drain 
itself for a time between applications ot doses, so ae to draw Into the sand the air 
that is needed by the bacteria for their life work. Alter these bacteria have be- 
come well established, which takes some time, the results are excellent. The 
eiperimentai filters gave effiuenta in which nearly all of the nitrogen was changed 
to nitrates, and from which practically all ot the organisms that were in the ap- 
plied water or sewage were excluded ; even such bacteria as did appear probably 
coming from the colonies that had established themselves in the underdraics, 
and not directly derived from the filter. 

It ia to be observed that these filters call Into action only the aerobic organ- 
iama. and that, therefore, in order to Httain a maximum efilciency, the first stage 
of the nitrogen change, due to the action of anaerobic torois, must be brought 
about before the application of the liquid to the filter; that is, the solids must 
have been broken up and the organic matters rendered soluble. Ae a matter of 
fact, both forms exist in these filters, or, rather, there are forma present that can 
act in both ways, as anaerobic when the filter is eaturated, and as aerobic when 
working in the presence of oxygen. In case the filters are treating a sewage that 
oomes from a long line of sewers, the first stage haa been passed to a large de- 
gree by the time the filters are reached, the aaaerobios doing their work in the 
aewera, leaving only a small part of the organic nitrogen to the action of the 
forms that can adapt themselves. Also in the cose ot the filtration of river -water, 
much ot the work ot this first stage has been already accomplished. Hence, 
good results can be expected. But it a fresh, raw sewage is to l>e treated, these 
filters will give trouble, through the deposit ot unbroken-down solids that qi'' 
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clog the interetices of tbe aand and prevent the passage at water and the iatro- 
duction of the needed air. But the method haa found auocesaful application od 
a practical scale for both sewage aod water treatment. * 

Stimulated by the necessitiea of their environment, the English people have 
been developing a line of treatmenC that perhaps more closely follows nature. Id 
189G the town of Sutton abandoned chemical precipitation, and installed Mr. 
Dibdin's scheme of "contact beds." In this the sewage, after a mechanical 
straining to take out the coarser solids, is run onto a bed of coarse burnt ballast. 
where it is held for a time, that it may deposit the suspended matter and be 
worked upon by the anaerobice, thus forming what is called the "contact." Tba 
efltuent from this "bacteria tsnk" is then run onto a bed of fine coke-breexe 
which is operated intermittently, with the intention of getting the actioD of the 
aerobics. 

The two tanks form a "double- con tact" Bjsteai. They are arranged in du- 
plicate, so that each pair has a period of rest and aeration. Prom this it seems 
that reliance is placnd on aerobic filters and organisms for combined liquefaction 
and nitrification in the same bed. While the results are generally good, they are 
somewhat variable, the reason for which appears to be as follows: The two 
claesesof organisms are mutually antagoQistic: an excessive development of ono 
excludes the other, so the true anserobica do not have opportunity to become 
well estabhshed in the first tank because of its "resting empty " period, while 
those forma that can adapt themselves are under the necessity of changing thetr 
habits every tew hours. A further result is that some organic matter is carried 
over to the second bed without undergoing the stage of change, thus forcing upon 
that bed some of the work that should have been done In the lirst. The whole 
bacterial process is thus frequently disturbed. There is also the screened sludge 
first taken out to be separately dealt with. 

In 1S95 Mr. Cameron introduced at Exeter the "septic tank." Inthissys- 
tem the raw sewage as it comes from the mains is passed into an underground 
air- and light-tight tanii of such capacity as to bold the flow of twenty-four hours. 
Both inlet and outlet are below the surface of the water, so that Ihe gases formed 
do not escape and floating solids are retained. During the twenty-four hours 
that the sewage has to pass through it is attacked by the anaerobics, which find 
the conditions very favorable, with the result that all solids of whatever organic 
nature are broken up and largely dissolved. The heavier mineral matter is in- 
tercepted in a grit chamber adjacent to the tank before the admission of sewage. 
The surface of the tank is covered by a thick, tough scum, which catches and 
holds the lighter floating solids until they are broken up. On the bottom, there 
very slowly accumulates a deposit of mineral nature and organic matter that de- 
composes but slowly. After tour years uf use this deposit was only four feet 
thick, representing the total residue of the sewage of a population of 1500 people. { 
The gases formed are inSammable and may be utilized, the pressure being oh- J 
tained by raising the surface of the contents of the tank by changing the elera- ] 
tion of its outlet, and confining the gas between this and the arched root. 

The effluent from this "septic tank" is run over a weir in a thin sheet to I 
aerate itand then discharged onto filter-beds of coke-breeze, where the nitrify- ] 
iog organisms do their work. Here, then. Is a true separation of the two olassea 1 
of bacteria, and the requirement of regular and continuous action is at least met ] 
in the first part of the process. 1 

Y'ou will remember, however, that there are three stages of action and thrw 1 
ctaases of bacteria at work before nitrates are reached. Triple- contact beds, or ] 
the addition of a third filter to the septic sjstem, have been suggested as adapted , 
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to these stages, but Mr. Scott'MoacrielT bos devbed a system that more oearl? 
causea a aeparationof the differentbacteria than could be hoped for from these 
suggested ecbemes. 

Jn this the sewage is passed upward through a coarse filter from a shallow 
chamber underneath, thus loiming right coDditlons Tor the aaaerobics, which 
seem to be able to deal with all of the solid matter and prereot ita accumulatioD. 
The overflow from this bed ia discharged automatically and continuously onto a 
series of shallow trays, arranged each over the other, and each receiring its sup- 
ply from the discharge from the one next above. The automatic device works 
periodically, so that the materials of the traye are aerated regularly, the sewage 
triekling down through them and carrying air along with it. There is a rapid 
(iirmation of nitrites Id the two upper traye, but this decreases rapidly In those 
lower down, and rune out entirely in the eighth and nioth, the last of the series. 
The lower a tray the more active are the bacteria that produce nitrates, and in 
the lowest they seem to be the only organisms at work. The entire passage 
through the nine traya takee only about eight or ten minutes, and the rate of 
filtration ia about one million gallona per acre per twenty-four hours. Mr. 
Rideal, an English expert, claims that this process gives better nitrate results 
than any other with which be ia acijuaiDted. 

In the accounts of this and other Eoglish work which I bare seen the results 
are stated in percentages of nitrogen that have been removed, without any state- 
ments of the bacterial purity of the effluents secured. This can be inferred to 
some extent from the results of chemical analyses, and yet must be considered a 
serious lack to our full understanding of the matters presented. 

In attempting to use the Massachusetts methods for the purification of the 
waters of the region west of the .\lleghany mountains, it has been found that they 
are aot applicable. The fine, olayey matters that are carried in suspension in all 
western rivers -— matter that is absent from the New England etreams which flow 
from granite and sanda tone hills — clog the pores of sand filters and prevent their 
use as bacteria beds. Some waters lack organic matter in the form needed to coat 
eand grains with a gelatinous envelope. Resort must be had to other methods. 
So there is now going on an active study of what is called the American system, 
or rapid mechaDlcal filtration. The typhoid death-rate of Louisville, Cincln. 
nati, and Pittsburg, as well as other inland towns, has driveo them to elaborate 
scientific Investigations as to the best methods for treating tbeir water-supplies 
in order to remove the fine silt and render them safe. 

The process is not biological, but a combination of chemical and niecbaoical 
methods. As worked out at CinclDnati, the river-water wasfirat allowed to settle 
for some hours in an open reservoir, theu pumped into tanks, where it was mixed 
with a precipitating agent, sulphate of alumina or crude alum, and thence into 
tanks ooD tain in g about four feet of aand, through which it passed intoa clear well 
and into the city mains. The precipitate formed by the alum is flocoulent, and 
eatanglee much of the organic matter from the very start. Id the filter the alum 
is caught by the sand surface, where it forma a gelatinous coating that strains out 
both the fine silt and all suspended matter, including even such minute things na 
the bacteria. The bacterial efiicieDoy rarely dropped below ninety-flve per cent. 
and averaged about ninety-nine percent.; and it was further found that when 
this was good the character of the elfinent was also satisfactory as to clearness 
and the removal of organic matter. 

When the alum layer Iwcomea too thick and ofTere too much resistance to the 
flow, the filler is washed by its own filtered water until the collected matter ia 
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driven out. This is done bf forcing water from below upwards, at tb« Mme tftnai 
that a mecbacical stirring ie given the sand. 

The rate of filtration used waa about ISO million gallons per acre per dav, 
which IB 100 times faster than ia attained bv the slow saod method. An average 
amount of l.ti grains per gallon of the alum was uBed. an amount that ia too 
small to affect the water in any injurious way for domestic use. though slightly 
increasing the bardoesa and the tendency to the formation of boiler scale, a point 
that is considered as being offset by the removal from the raw water of the sus- 
pended solids. 

One thing that ia learned from a study of the investigations made in many 
localities is that the methods used in one place may not be at all succsMful at 
another. Each water or each sewage has its own peculiarities i each location or 
climate may have its own characteristic fauna and flora among the lower organ- 
isms; and ail these things must be studied carefully before right means can be 
used to secure the desired results. Some great general principles must underlie 
all efforts, so that results elsewhere can be taken as guides, but only as sucb. 

Here in Kansas is a field about which we know very little along these linea. 
Some geological work has been done, and is now being carried on in a ayat«matio 
way by the university survey. Some waters have been aualyzed by the chemists of 
the various inHtitutions or reported upon by some one connected with the state 
board of health when their purity baa been questioned. Biologists have done 
something with the low fauna and flora. But all this has been with no systematic 
purpose in view, and the time is soon coming when the results of such invcstig*- 
tions in our state will be of very great value. At no time in the world's btstorr 
has there been so wide-spread and general an interest in matters pertaining to 
public health as the present, and it ia hoped that KaDaas may put herself in line 
with tbe general movement by furthering all investigations that may add to our 
knowledge, by wise health legislation, and by giving her board of health such 
authority as will render its efforts effective. This board should have the duty 
given it to supervise the installation of all public water-supply or sewerage plan ta, 
the right to demand that existing plants be conducted in a way not detrimentftl, 
ind be further charged with the duty and given the money for the study at 
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SOME DIATOMACE.E OP KANSAS. 



DUTOUACE£ OF GASES P 



RTIS, MCl'HKReON. 

). TOPBKA, AND OV SILVER lAKE. 

t McPhertnn, necemberlS. ISee. 



Although the Diatomace!^ of tbe eastern Uoited States have been pretty 
thoroughly lOTestigated by several competent obaervers, I believe that little is 
known a9 to what forms eiist in the West. With the exception of Tbomaa and 
Chase's catalogue of the Diiitomaceif of Lake Michigan, which embraces 31 
genera and 2IJ speoieg, and my owe catslof{ue of the Cincinnati forms, 43 
genera and 973 species, there are no iDveatigationB of western or central-vreet- 
em forms known to me. 

Under these circumataccea, perhaps a short paper upon Kansas forms may 
possess Buffi-Cient interest to justify reading it. 

In company with Mr. Prank Patrick. I paid a visit to Gage's pond, in the 
western suburbs of Topeka, about the middle of October. It was dug by Mr. 
Oage a number of years ago as a fish-pond and stoned up. I did not think of 
estimating its dimensions while there, but is perhaps 150 feet long by 50 leet 
wide, and two or three feet deep. Our object in visiting it ia was to aaoertain it it 
contained diatomaceous material: and, while there, I made a gathering which, 
when cleaned up a few days afterward, yielded some very Intereating slides, and 
some Nai.'ici'l/r not previously met with elsewhere. 

The most abundant form in the gathering was Epithcniia rjibha, both the 
long and the short varieties. The most common Niivicula was radioaa. Ci/m- 
bellfi flomalophora of several sizes was also common; and Amphipteura 
pellucida, a rare form, more than usually abundant. My gathering was made 
on tbe east side, about midway ; and it was rather curious that there was no 
Aniphipleurri in Mr. Patrick's gathering, made only a short distance away at 
the south end, or from the under sides of the leaves of the water-lilies, of which 
many were growing in the pond. Synedra ulna, var. longitxinia, was abun- 
dant, especially in Mr. Patrick's gathering. Oomphonema was rather rare. 
There were a considerable number of large, somewhat curved, sponge spicules. 
Navlculu cunpida/a was a prominent form— both the long and the short varie- 
ties. Cymbetla, usually one of tbe most abundant forms in any gathering East, 
was very scaroe at Gage's pond, as well as Oriniphonruia. 

The most noticenble thing about the gathering was the remarkable predomi- 
nance of tbe rare form, Epithemia nibha, of which there were, in a field taken 
at random, under a quarter- inch objective, no less than seventy-eight individuals, 
as compared to nine Cymbellw, tour yaficuliy, thirteen S,i/nedrtE. and four 
VenficuUE — almost three times as many as all the other forma together. 

As some may not have had experience with the microsoope, I would say that 
the field of view mentioned above was round, and one-fiftieth of an inch in 
diameter. This will convey some idea of tbe exceedingly minute size of tbeee 
diatoms: that 108 of them, as mentioned above, could, without any crowding 
whatever, be placed in a circle of that size. 
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To (five Kn idea of the rftrity of Eitilheinia gibba at other plat 
that, in the fortj-four slides from vhich my catalogue of the Cincinnati Oiato- 
maceie was drawn up, representing about thirty dilTerent ^tberings, thia diatom 
is found in onl; two of them. In n very remarkable gathering I made from the 
Fox river, at Elgio, III., a halt-iDch mount of which contained ninety-four recog- 
nized epecies, only two Epitbfmin gibba were observed, aud in one from a pood 
in Oakwood park, Elgin, none: nor were there aoy Id fine gatherings made at 
places BO widely ncattered and generally representative of the West and South 
as Iiftke Geneva. Wis., Hailey'a SpnugH, Idaho, or Calera, Ala. There were none 
in a gatherJQg I made from the Chicago water-supply, though it ie catalogued 
in Thomas and Chase's DiatomBceic of LakeMlchigau, from which the city water- 
supply is derived. Two fine gatherings made in northeastern Ohio, near Ashta- 
bula, contained no Epitln initi f/ibba. A gathering made early id October from 
the fountain basin on Twelfth street, two or three blocks southwest of the oapi- 
tol, in Topeka, coDtaioed hardly anything else but this Epilhemia; so that ita 
abundance here soems to be a remarkable peculiarity of this locality, depending, 
perhaps, on some constituent of the water-supply unusually favorable to it. If 
so, it must, I imagine, be derived from the Republican braoch of the river, sa a 
gathering 1 made from the Blue at Beatrice, Neb., last year, coDtained none of 
this diatom. 

In connection with AmphipU.ura p^lhtcida, mentioned above, it is not only 
very rare, but is placed at the end of Moller's test plate as the most difficult test 
object koowD to microscopists, and is slated in scientific test-books to be the 
smallest regularly organized thing known. The figure I give (fig. 30, pi. Ill) is 
cot very satisfactory, but may serve to convey an idea of it. Of course, the deli- 
cate markings referred to below are not visible at 775 diameters, aod the lines 
across the middle are merely a very coarse imitation of them, to show theirdir«c- 

Mr. Patrick Informed me that he very carefully examined the alga the 
Atiipliipleura was growing on and found It to be Cladapliora frarAa Kg., 
which I believe only grew over a small space od the east aod north walls, a fact 
very interesting, as showing that it is probably parasitic on this alga, and only 
found in connection with it, something not before observed, so far aa known to 
me. This would account for its not being found under the lily-pads, or at the 
south end, where this alga did not grow. The rarity of this diatom may be due 
to the fact that this alga does not grow everywhere. 

.4s poesessing possible interest, I may say that I once measured A mphipleura 
pellucida by a Rogers stage micrometer, and found it not quite one two-baa< ■ 
dredths of an inch in length. The smallest grains of ordinary sand which can b»'* 
picked up with a pair of watchmaker's tweezers and arranged as close together 
as possible under a magnifjing giass go only slity-four to an inch, so that tha 
length of this diatom is only a little over one-quarter of the diameter of one of 
the finest grains of sand; yet in this short length it is marked with 340 of the 
finest and moat regular lines ever seen ruled across it, and each line apparently 

mpoaed of rows of beads. I counted these linee on an excellent photograph of 1 
t, by Doctor Detmers. A list of the genera and species found at Gage's pond il 

9 follows: 




Acbnanthee minutissima. 
Amphipleunt pellucid a. 
Amphora libyca. 
Amphora ova lis. 
Cocconema australicum. 




Cocconema ciatula. 
Cocoon ema lanceo latum. 
Cocconema tnexicanum. 
Cocoonema (a large uuknown, pwhftfl 



^^^■■^^^^H 69 ^^H 


^^^CymBbipleun elliptic. 


Navicula gibba (Pinn.) 


^B C^matopleura solea (both long and 


Navicula hemiptera. 


^M short 


Navicula ioterrupta, 


B- CymbellB gastroides. 


Navicula laoceolata. 




Navicula laoceolata, var. much smaller. 


^M Cymbella turgidula. 


Navicula mesolepta. 


^M Denttcula elegnnB. 


Navicula DodoBa, var. 


^H Denticula lenuifl. 


Navicula (No. 15. Schmidfa Allaa, pi. 


^1 Denticula tbermalia. 


li). 


^P Diatoma lenue. 


Navicula (No. «, Schmidt's Atlas, pi. 


H^ EncyonemB Ijoula, 


in,. 


Eacyonema turgidum. 


Navicula (No. 15, Schmidt's Attafi, pi. 


Epithemia gibba. 


44). 


Epitheniia gibba, var. ventricosum. 


Navicula (No. 55, Schmidt'e Atlas, pi. 


Epithemia Borei, short form. 


7, n-ith Bome reserve). 


EuDOtia gracilis. 


Navicula oculata. 


EuDotift lunaria. 


Navicula obloDga. 


EuDotia lunula. 


Navicula peregrioa. 


Fragellaria iotennedia. 


Navicula producta. 


Frag«llaris mutabilis. 


Navicula pseudobacillum. 


Goraphonema abbreviBtum, 


Navicula radians. 


GoQiphouema affioe. 


Navicula radioaa. 




Navicula radiosa, var. acuta. 


Gomphocema aiiKustatuin. 


Navicula reluea. 




Navicula rhyococephala. 


media. 


Navicula rosteliata. 


GomphoDema aDgUBtatum, var. pro- 


Navicula (small, elliptical, coarsely 


ducte. Griio. 


marked, fig. 10, pi. il). 


Gomphonema cooamutatuin. 


Navicula BcbumauDianB. 




Navicula stauroneiformis. 


Gomphonema gracile, forma parra. 


Navicula stauroptera. 


GomphoDema lagenula Kg. 




Gomphouema mexicanum Griin. 


Navicula aubioflata (fig. 23, pi, III ). 


Gompbonema obtueatum. 


Navicula tabellariaGruD. 


Gompbonema olivaceum. 


Navicula trinodis. 


Gompbonema parvulum. 


Navicula veatricosa, forma minuta. 




Navicula viridia(Pinn.) 


tata, 


Navicula viridula Kg., forma minor, 


MeloBira lyrata, var. (?). 




^_ Meridion circulars. 


Niti^achia sigma. 


^^ Navlciila acroBpberia, var. ( ?). 


NilzBchia (small, uokcown, coarae 


■ Navicula areuaria Daok. 


markings). 


^H Navkula bacillifcrmis. 


Pleurosigma spencerii. 


^M Naviculs biceps Ehr. 




^H Navicula brebiaaoni. 


Stauroneis phienicenteroo. 


^H Navicula cuspidata. 


Stauroueia (uokaown, small). 


^H Navicula decurreoe (Pirnt.) 


Surirella npiculata. ^^^ 




Surirella molleriana. ^^^^^^^M 


^1 Navicula elliptica, var. obloDgella (fig. 


^^^^^^^1 


H 21. pi. III). 


^^^^^^^H 


^H NavicuU flaoatica. 


Surirella paDduritormis. ^^^^^^^M 
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Synedrasuperba. 
Synedra ulcs, rar. loDgiBaima. 
Synedra ulna, var. ritrea. 
Total genera, 21; species, 108. 
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Surirella suevica. 
Syoedra cratoneDHia. 
Synedra daaioa. 
Synedra familiaris. 

Synedra pulchella. 

Many more might uodoubtedly be discovered by devotiag time to the d 
thorough, exam in a tioD of tbe slides, as ! oever sit down to them without fiudiagp 
Bouiething new. As siity Bpeeiea is a fair average for the best gatherings, it will 
be seen that this at Gage's pond was uniiEually good. 

A gathering made at Silver Lake, twelve miles west of Topeka, yielded mucli 
the same forma, except that in ahatf-iachmoimtof it only two Epithei 
tvere observed, aod with the following additions: 




Acbnanthes hudeonis. 
AchnaDthes exilis. 
Aohnaothea lanceolatum. 
Cocconema cistula la new ' 
Cyclotella comta. 
Cyclotella moneghiniana. 
Cymato pleura apculata. 
Encyooema triangulom, 
FraKellaria turgens. 
Gomphonema affine, forma 
Gomphonema gracile. 
Melosira oreuulata. 
Meloaira varians. 
Navieula ambigua. 
Navicula ampliata. 



On 



Navicula confervacea, var. paregrinl 
Griin. I fig. 17.pl. 111). 

Navicula lanceolatum. 

Nevicula sphieropbonioi. 

Nitzscbia dissipata. 

Nitzscbia bungarica. 

Nitzscbia paradoxa, 

Nitzscbia sigmoidea. 

Nitzscbia tryblionella, forma n: 

Nitzschia tryblioDella, forma denat 
etriaUe. 

Nitzschia tryblionella, var. victoria. 

Pleurosigma eiimium. 

Pleurosigma bippocampu9(7|. 

Pleuroajgma delicatulum. 

Surirella Intermedia. 
additional genus, CffCtotel/a, and twenty-nine species. 



DlATOH4CE£ OF HENO COUNTY, KANSAS. 
I Read before ilie Academv, at Topeka, December 28, 1*00.) 

Mr. S. G. Mead made a gathering last fall at Medora, Reno county, which he 
said be did not clean up well and be wished nie to try it. On account of much 
fiocculent matter, wbicb seems to be a silicate which the diatoms grow in, also 
much fine sand of tbe same specific gravity as tbe diatoms, as well a« the vast 
difference in the size and weight of tbe latter, some being among tbe largeataod 
some among tbe smallest forms known, it was the most difficult material to deal 
with, by either subsidence or flowing, that I have ever met with ; and the diffl- 
cultiea were much increased by there being so little of it to work upon— only a 
thin skin of black mud, about halt a thimbleful, at tbe bottom of a tumbler. 

I however succeded in getting four or Gve fair elides, which conclusively 
proved it t<i be a very rich material, and that the forms of the western part of the 
state, as compared with the eastern, such as those of Gage's pond and Silver 
Z/Bke, were unexpectedly large and interesting. 

It bad for some time been an opinion of mine, formed from a number of gath- 
erings made around Salina and McPberson, that tbe central and western parts of 
tbe state were decidedly poor, If not altogether deficient in large forme of an^ 
kind. Still, about the first thing seen after placing the Medora slides under the 
microscope was one of the very largest XitzHchUF, long, and a little curredi i 
haps «j>ecra6t7i8, or Dew (?),(see fig. 14, pi. II land large enough tobeeasilTn 
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■olrable by m 1-f, central light — something verj' exceptional in that genua, which 
ace usually so finely marked bb to be among our moat didicult teet objects, and 
usually unreaolvable by almost any power and central light. 

There was a great abundance of floe Surirctla.', mostly (fncr", Hplrndida, 
or varieties, which are among the largest diatoms in that genus. A\ao, another 
much longer but narrow, like flg. 8 of Schmidt's Atiaa. pi. XXIII, one of the 
largest Siiriri;l/'f^, and a very unusual form, not found at Cincinnati. Gage's 
pond, or Silver Lake. (See fig. 1.3, pi. II.| 

The smaller forms, too, were very numerous and interesting, and included 
many, especially several small, oval A'aricuftn, which could not be recognised 
from any of the authorities at hand, and were perhaps new. As Is usual, 
^'aHimla was the most abundant form as to species, though by no means as to 
individuals. 

One of the features of these Medora slides was the almost entire absence of 
Oomplioneiiiri, BB noticed also in eastern Kansas- one of the most abundant 
forms everywhere else, and so abundaDt at Cincinnati that many slides of Lhe 
forty-four mounted there contain hardly anything else; but they were so scarce 
at Medora that 1 was inclined for some time to think them altogether absenti 
though 1 eventually succeeded in finding several In the five slides, almost all of 
dUTereot species. 

Melosira, a very abuudant genus at Cincinnati, was altogether absent at 
Medora. Cofciiieis, a very common form, especially pedii'uli't, was not ob- 
served in the Medora slides nor at Gage's pond nor Silver Lake, though there 
was one in the stomach of the little fish caught at Belvidere. Only one indi- 
vidual of Meridion was met with, and only one Si/iiedra, which at Cincinnati 
was the second most abundant form. SilzKliia being first. 

There are usually Pleurogigmn^ in almost every gathering made anywhere : 
and there were plenty at Belvidere. not far away ; but, very curiously, not a single 
one could be found in these Medora slides. 

Cymbella is usually a very abundant form evi 
Ooriiphonema, It being present at Cincinnati . 
eigh^-eight of the latter : but It was so i 
Euniiliir., commun at Cincinnati, were e 
been found at Gage's pond, Silver Lake, o 

1 know not how to account for the almost entire absence of these forma so 
universally abundant in the Eastern states and the central West, unless we suppose 
it to be due to the only abnormal condition present, so tar as known to me: that 
is, to salt or alkali, especially the latter, which whitens the surface around the 
marshes in that section whenever the water goes down. 

There are several curious unrecognizable pieces found In the five slides, One 
of them resembled part of a shell, apparently. The central half rose up in a 



i 
I 



erywhere, almost as much so as 
in the proportion of eighty to 

-, Medora as to be seldom seen. 

' absent In Kansas, none having 



illing, surrounded by a fiat surface covered with irregular wavy lines. 
)re a good many cylindrical pieces, appearing under a 1- 10 to l>e about 
in inch and a quarter long, and an eighth of an inch or a little more 
■: very roui;b outside. No fresh-water sponge spicules were seen, 
3uld otherwise have been inclined to connect them with, and it was 

what they were. 

11, plate II), a round, saucer-shaped disk, I at first thought 



There 
an inch I 

which I 

inpOBsibld to tell j' 
A second piece < : 
a Cotolnoditciia, common In salt water, but of which there is only one repre- 
seoted \a fresh water, C. lacuitris, at which one individual was found in the 
forty-four Claoinnati slides; but which is very rare. The central part was r 
tioulated in hexagons like honeycomb. It was so dishing I could not get enough 




of it in focus at a time to make 
tbe beet I could. 

The upper edge seems to be hidden under eome kind of tra^h, which, if it 
D away, might reveal the border, which would eslablisb tchether it was ('. 
taciutrin or not ; Btill, I have little doubt that it is, or of that family. When 
best adjusted, the heiagona appeared somewhat dark, with a round, white dot 
in the center of each, as on the right of tbe figure: but, bj adjustlcg up a rery 
little, the white circles disappeared, and were replaced by small, black dots, like 
those of Tricerathim /aviu, as seen on the left. 

One of the most curious things found had no particular color beyond a slight 
smoky tint, and the central part was raised up into a sort of boss or umbo, io 
the center of which there was a rather dark-blue spot, in which were usually two 
grains of something like black sand, though sometimes only one. Some are 
much more regular in outline, as well as larger than the one 1 made the drawing 
from (fig. 12, pi. II); and they are moderately plentiful, saj two to fire in a half- 
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2b. 
Same,'* 



sajiie-eMHwfrMilMl*. 



jii 



inch mouat. The poicitB are each protected b; a loDg, sharp thoro of a darker 
color, inclined to black. 

Mr, Frank Patrick, at Topeka, Buggeet«d its beiog part of a rreah-water 
epoDge spicule, which Beema verj probable, as it would Biplain ita having sur- 
vived the action of boiling nitric acid, otherwise difficult to account for. In this 
view of the case, we may Buppooe that it formed the ends or cape to the c;lia- 
drical pieces mentioned above, and part of the birotulste apicule of some species 
of Mffenia. 

I was unable to get enough of it la focus at oue time to make a satisfactorf 
drawing of the right-hand side of the large Siirirella (fig. 1, pi, II), as every 
slight change of adjustment caused a different appearance of it. The alea, how- 
aver, seemed to be like those ot A', tetiera, and the contour ia right. It is nearly 
of the aame size at each end, and I was unable to find anything like the unuBual 
wide lower third of it in any of my books of reference, and it is, possibly, b de- 
formity. It was finally decided to be a S. robuKla of Ehrenbei^. The Sitrlrel- 
he and the yn^nchlre I fig. 14, pi. II), were drawn at i^> to 1, as I did not bnve 
room lor them larger. 

Not to make this too long and tedious, I will say that the collection ot diatoms 
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iound at Medora ia lu tollova, ao far as 


recognized; there ie some donbt^^S 




terrogation point IT): 


Achnanthea biaaolettiiina Griin. 


Navicula borealis, var. (largM tatA 


AcbiifkDtbea eiigua. 


more coareely marked ). 


AchnsDthea hudsonis. 


Navicula brebiaaoni. 


Achnanthes laticeolata. 


Nax-icula columnarii. 


Achnanthes mioutiseiiBa Kg., forma 




curta. 


Navicuia confervacea Kg., var. hun- 




garicalfig. ."., pi. II). 


CocooDsma cymbiforme. 


Navicula oonspicua. 


Cymbella amphicephala. 


Navicula cryptocephala. 


Cymbella acglica. 


Navicula cuspidata. 


C^mbella Davii:uliformtB. 


Navicula dicephala W. 8. 


Cymbella {No, 52 of Scbmidfs No- 8, 


Navicula dicephala W. S.. forms 


not named ). 


minor, Gruc. 


Cymbella pusiUa of Griioow. 


Navicula dilBtala. 


Decticula tenuis. 


Navicula dirhynchus. 


Eocyooema (large, like Schmidt's At- 


Navicula dubia Greg. 


las, pi. 71, flg. 18i. 


Navicula elliptica. 


Ed cy one ma lunula. 




Encyonema INo. 61 of Schmidt's At- 


iflg.i.pl.II). 


las, pi. 10). 


Navicula lirma Kg. 


Encyonema TentrJcosum. 


Navicula firma, var. subampHatft. 


Bpitbemia gibba. 


Navicula foDtioalia Grua. 


Epithemia gibba, var. VBUtricoaum. 


Navicula gibba (Finn.) 


Epitbemia gibberuja. 


Navicula inflata. 


Fragellaria elliptica, forma minor. 


Navicula iuterrupta iPinn.) 


Fcageliaria intermedia. 


Navicula laaoeolata Kg. 




Navioula leptogongyla Eg. 


Gomphonema affine. 


Navicula linearis. 


Gomphonema aagustatuDi. 


Navicula macra, var. * <flg. 8, pi. II). 


Gomphonema auritum A. Braun. 


Navicuia major ( PicD.i, ex n QrilD. 




Navicula mesoatyla (Pinn.l Ehr. 


Gomphonema inaigne. 


Navicula nobilia Ehr., var. fNo. 3 of 




Schmidt's Atlas, pi. 13). 


Gomphonema monatum, var. aubela- 


Navicula ( No. 22 of Sch., pi. 49, Dot 


vatum. 


named). 


Gomphonema sarcophagum. 


Navicula i No. 40 of Scb., pi. 49, Dot 


MeridioD circulare, 


Darned). 




Navicula I No. 14 of Scb„ pi. 44, not 


Navicolft affiois. 


named). 


Navioula alternana. 


Navicula (No. 17 of Sch., pi. 50, not 


Nftvioula amphirhynchua Ehr. 


named). 


Naricula ampliata. 


Navicula i No. 75 of Sch., pi. 45, not 


Navicula arenaria Donk. 


named I. 


Navicula bacillum. 


Navicula obtusaU W. S. 


Navioula bacillum, forma minor. 


Navicula producU W. S. 


Navicula bicapitata Lag,, var. hybrids 


Navicula paeudobacillum. 


(fig. 3, pi. Hi. 


Navicula pupula ifi. 


Navicula borealis, ( type form ). 


Navicula rhynchocephala. 




Navicula rupestris I Finn.) Uautsob. 


Schmidt'B Atlaa, fig. 45.) 


Navicula atauroparva. 




I 



I 



Navlonla abruiroptera. 

Nftvk-ula BubinflKta. 
Navioula teaelU Breb. 
Nacipula tuscula. 
Navicula uodulata. 
Navicula, unkaowD (figa. 1 

nil. 

N&vicula venets. 
Navicula viridis A, S. 
Nitzschia amphioxys. 
Nitzacbia apiculata. 
Nitzsobia communis. 
Nitzschia laoceotata. 
NiUsobU palea. 
Nitzschia paradoiB Oriia. 
Nitzschia spectabilis. 



pgy, 7B 

BtauroneiB pfamDiceDteron. 

Surirella apiculata. 
Surirella deli cat iasima of Lewis. 
Surirella I like 61 of Sch., fig. 23). 
Surirella I like aaioDica, but very 

coftrsely marked ). 
Surirella molleriaua, var. 
Surirella nobilis Griin. 
Surirella robusta Ebr. |6g. 1, pi. II). 
Surirella spleudida. 
Surirella teoera Greg. 
Surirella tenera, var, spleodidula. 
Surirella tenera, var. nervosa, A. B. 
SfDedra lanceolsta. 

Total genera, H; speoiea. 111. 
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THE FOOD OF FiaH IN CENTRAL KANSAS. 
Bead helore i)iu Academy, at Topeks, Deaeruber 28. 1900. 

Mr. B. G. Mead, of McPherson, gave me a small flab about two iocbea long, 
wbich he caught at Belvidere, Kiowa countf, Kansas, last fall. Ic was appa- 
rentl]' a young perch, to judge from Its shape and the dark bands atong itaeidSB. 
Having a curiosity to know what its food had consisted of, I undertook a micro- 
scopical examination of the contents of the digestive tract; but the difficulty of 
arriving at satisfaetory results was much incrasaed by the carbolic acid aud oil 
the Ssh had been preserved in, which interfered very much with the proper 
action of chemicals, especially acids, and did not seem to yield well to either 
soap, bcDzine. or alcohol, 

The inveatigatioii was, therefore, not altogether so satisfactory as I could 
wish : but was sufficieDtly so to establish the main points, and to prove that their 
food conaista very lai^ely of diatoms, mostly A'avicul(r, of the radioia type; of 
which t was able to Diake a very satisfactory examiDation, to be referred to again 
further on. There were also mauy f tarcb grains, shown by the polariscope to be 
those of the potato, and about as many, perhaps, which were smaller, and pos- 
sibly derived from bits of bread. There were also a cumber of green bodies 
of roundish contour, which were without much doubt desmids. They had been 
too long subjected to the action of the gastric secretions for the species to be ex- 
actly made out, but they were probably frj-ijnaritiins of some sort: and their 
numbers were apparently too small for them to have formed a very important 
part of the fish's diet. About a dozen grains of cora-smut were met with, all in 
one place. 

There was a very considerable quantity of white sand in the stomach and in- 
testines, hardly any field of view in the microscope one-flftieth of an inch In di- 
ameter being without a number of grains of it. They were generally of about 
the same size as ordinary river sand, and polarized equally well. In one field of 
the size mentioned above there were thirteen grains of it, in another nine, and 
Id a third live, of three taken at random. It may be possible, though hardly 
probable, that this sand was swallowed accidentally. It is, however, far more 
likely that it was swallowed designedly, to aid the process of digestion, as is the 
case with birds; aud the size of these sand grains would, considering the ditfer- 
ence in size of the two creatures, apparently bear a just proportion to the little 
stones swallowed for this purpose by fowls. 
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Thej ms; also have been swallowed to act by their weight as ballast to cooP 
teTACt the oatural buojaccy of the body, like the stoDes of coDsiderable siEe- 
usually fouod Id the stomachs of alliKatorH, and whi(?h are supposed to have been 
awallowed to assist them in remaining at the bottom. 

The fact that there were no grains of black sand among it. which does oot 
polarize, would rnther seem to lend support to the digestive theory: inaamuchas 
white sand, being eomposed of ijuartz, or almost pure silica, and batd enough to 
scratch glass, would naturally be selected by them to assist in the grindiDg or 
trituration of their food, ratber than the much softer blBck sand. 

There was observed at one place an agglomeration of small, round grains, 
quite smooth outside, like very email fish eggs, which they perhaps were, or spores 
of some small tondstool or olfaer fungus. Tbey were trsnsptireatt and not mach 
over one-quarter Ihe size of the grains of sand meotioned above. 

A great quantity of some dark-colored substance, ficely comminuted and ap- 
parently of animal origin, was found, perhaps the remains of worms or meat of 
some kind ; but, although most carefully sought for. there were no feet, wings, 
scales of lepidoptera, parts of insects, crustaceans, or muscular fibers of any sort 
among it, such as would have been likely to have survived the digestive process 
and given a clew to ita character. 

Ab we may see from the sraallness and degree of convexity of their eyes that 
fish must be capable of seeing things infinitely siualier than would be visible to 
the human eye, this matter was perhaps composed of minute particles of both 
anima! and ve^table origin which the fish met with and swallowed as it swtun 
about, and which were perhaps too small to preserve any definite recognizable 
character, especially after passing through the stomach. 

Their principal food, though, to judge from the great numbers of frutitulea ol 
difTerent kinds found In the stomach and intestines, were diatoms, the outer 
shells of which, being composed of almost pure silica, are well-nigh indestructible 
by the digestive process, fire, or the strongest acida, 

-After preparing the diatoms for examination under the microscope, it was 
seen that the greater part of these small ort-anisms in dew were Xavictilir of 
small size, of the type known as roi/ioufi, wrfnar'a, etc., of two or three slsea. or 
of the kinceor/i/a form, with divergent stria, such as are figured in Schmidt's 
Atlas of the Diatomaceae I plate 47) or varieties of that type. (See fig. W, pi. 
111.) Some were much larger and some smaller than Ihe figure, but mMrtlyof 
the same general type. 

(romphonema was, as usual in Kansas gatherings, very rare, though four 
or five species were met with. Cyml".lln^ also one of the commonest forma any- 
where East, was equally scarce ; and I had about concluded that none except 
small forms were present, when I unexpectedly came across an A mpltij,rora of 
the largest size (fig. 9, pi. II), and of a decidedly rare variety, not found In the 
forty-four Cincinnati slides, The individuals of this family are among the largest 
diatoms ; and they were remarkably abundant, as 11 there was a savor or a large 
body of nourishment in them which had especially appealed to the isb'e taste. 
Figure 10. plate 11, is another individual in a different position, 

A noticeable thing was not only the abundance of this large and rare 
Ai-ipliiprora not found at Gage'a pond or Silver Lake, but the remarkably 
large number of fine Pli uroeigmir., mostly spcncerii or varieties, every field 
coDtainingat least one and often several. The figure I give of it (No. lS.pl. IIt> 
would have been better if drawn on a larger scale; but 1 did not have room on 
the plate tor one larger. 

An unusually large form of Amphora Uncaiu, not found at Gage' 
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Silver Iia1c«, or Id the fortj-rouratideaot Ci nci on a ti diatoms, waa quite abondant. 
Only one Xaricvla of the rhomhoidrfi type was seen, and that was a variety, 
Ihs Collelonema riilgare of Thwaitea, Slovron' in p/i'i-nicenleron, one ol the 
few diatiactively fresh-water forme eaid to be fouod everywhere, was not met 
frith. 

Epiihemia gibba, ho remarkably abundaDt at Topeka, was present, but 
rather uocovumoD. Of the three or four species of A'l/zac/ii'v, only one seemed 
to b« of common variety, and one of them, Xilmnhin eigma, is catalogued by 
different authorities ae a tnariae form. A most remarkable thing tras that not a 
single Stirirftia of any kind was seen in the three slides mounted. .\8 they are 
one of the most abundant forms everywhere, and there beini; plenty near at 
Medora, we must either conclude that there were none where the fish lived, or 
that they possesHed some poisonous or other undesirable qualities which caused 
him to reject tbem. 

One of the most remarkable things found was the .VWgf(tff/oii{Gg. '20, pi. III). 
The genus la almost exclusively marine or brackish, and only one of the two spe- 
cies are ever found in fresh water, and they are excessively rare. This one, Af. 
iacutlrig, was not found at Cincinnati ; though an allied species, M. Innci o/ata. 
was recognized there with some slight reserve. It is also catalogued by Thomas 
Knd Chase, but none of either was found at Gage's pond or Silver Lake. 

Fig. 7, pi, 11, seems to be what Griioow calls jVi'cu/iiVt apirulatn. though 
the blank line down the center and the absence of alea seem to identify with 
•Suii'dru. 

To give an idea of the relative proportions of the genera present in a field of 
view one-fiftieth of an inch in diameter, selected merely because it had ao Am- 
phtprora in it, so as to include that, there were the one Amphfprora, one Am- 
phora, one Ci/>»bellii. two NitzHchiir, three Pleurasiffma, and thirty. four 

The genera and species, so far as observed, were as follows: 



Amphiproraconapicua(T), (perhaps col- 

uroetica?). 
Ampbiprora paiudosa W. 8., said to be 

British Iflg, 9, pi. II). 
Amphora cymbifera Greg. 
Amphora lineatal&g. 15, pi. III). 
Amphora (No. IS, Schmidt's Atlas, pi. 

391. 
Cocconeis pediculua. 
Cocconema australicum A. S. 
Cocoon ema cistuli. 
Cocconema heiveticum. 
Cocconema hungaricum. 
Cocconema lanceolatum. 
Cocconema mexlcaDum. 
Cyclotetla rotula. 
Cyclotella | a small UDknown). 
Cymbellaaflinis. 
Cymbella gastroides. 
Cymbella helvetica. 
Cymbella kamchatica Griin. 
Cymbella miouscula Griin. 
4)ymbella ( No. 40 otSch. 9, not oamed). 



Cymbella stomatophora. 

Cymbella tumidula. 

Cymbella turgidula, 

Cymbella ( two small unknowQ ). 

Denticulasplendens. 

Encyonema lunula, 

Epithemia giliba. 

Epithemia gibba, var. ventricosum, 

Epithemia gibberula, 

Epithemia I likemusculua, but ends not 

Epithemia (uncerUIn, fig. 21, pi. III). 



Epithemia 


zebra. 


Gam phone 


ma abbreviatom, 


Go rap hone 


ma acgustatum, v 


media. 




Go m phone 


ma capitatum. 


Go m phone 


ma clavatum. 


Gomphone 


i)a commutatum. 


Oomphone 


ma commutatum. 






Gomphonema iatricatum, va 


Gomphone 


ma olivaceum. 
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OomphoDema olivaceum, var. vulgaris. 
GomphoQema ventricoeum. 
HduceoclBdia Bigmoidea. 
Mastagloia Ainithii Thw., var. lacus- 

triB, Grfic. (Bg, 20.pl. III). 
NaTiculasmphiceroe? (flg.6, pi. 11). 
Navicula bacilium. 
Nsvicula borealis (var. bdihII, with nine 

course strict I . 
Navicuia brebissooii. 
Naricula cymbula Dook. 
Navicula elliptJcft. 
Naricula elliptica, var. oblongetla (like 

fig. 24. pi, III). 
Navicula Kracilis iKg.) Griio. 
Navicula grpgaria Donk. 
Navicula interruplB I Finn.) B. W. 
NSTicula lacCBOlata (Kg,), var. 
Navicula ieptoKoQgyla. 
Naviouia longa. 
NaTicula macra. 

Naficula mutica, var. goeppertiana. 
Navicula (large, coarsely marked, 

lanceolate. uoknowD). 
Navicula iNo.Il of Schmidt's 47, not 

□amed). 
Navicula ( No. 13 of same. Dot Darned I. 
Navicula ( No. 15 of same, Dot named I. 
Navicula (No. 22 of Schmidt's 44, not 

Darned I. 
Navicula (No. 23 of Schmidt's 44. but 

rather coarser). 
Navicula (No. 32 of Schmidt's 44, with 

Bome reeerTe). 
Navicula obtusata. 
Navicula pumila Grdo. 



Navicula radiosa Kg. 
Navicula radiosa, var. acu 
Navicula rbomboidea, v 

toDema vulgare Thw.) 
Navicula rupeatris (PiDD.) GruD. 
Navicula smithii ( ? ). 
Navicula aubcapitata. var, et»nronei- 

formis I fig. 22, pi. III). 
Navicula subioflatai fig. 25, pi. III). 
Navicula atauroptera. 
Navicula atauroptera parva Grun. 
Navicula tabeliaria. 
Navicula teuella. 

Navicula (unknown, perbapsuaveaDa? J. 
NitzBchia amphioiye. 
Nitzacbia amphioiys, var. vivas (fig. 

2, pi. II |. 
Nitzschia anguatata. 
Nitzscbia frustulum. 
NitZBChia heufleriaua. 
Nitzechia buDgaricum. 
Nitzschia sigma. 
Nitzscbia Btagnarum Rsbb. 
Nitzecbia triblionella. 
Pleuroeigma grac lien turn Rabh. 
Pleurosigma speucerii |tig. 18, pi. ] 
Pleurosigma ecioteose. 
Pleuroeigma kutdngbii, 
Syoedra acus. 
Synedra crolonensis. 
Synedra daoica. 
Synwira tamiliaris. 
Synedraiauendof, perhaps, ChsM? 
Synedra pulchella, forma major. 
Syuedra ulna. 

Total genera, 16: Bp»oiM, 100. 




I 



Topeka. December iifi. IKU. 

I The firn part of this paper will be found In the Tratisictloiia of Cbe KaHHi , 

Beienee. XVI. p. loe. Since thcMi a collection hai been meeiTed Irom Mr. John HeniJIer Bar.. 

' ' "" , N. I. ThflF are from PaBCD comity and Tlciaily, mid are indicated bv the 

Icb ■ few utnen, are inclnded in a Bopnlamenuil list. A eollectioQ nadp by 

D Lieo couDtr dnrins the eammer of l«00 le liiCed In a separBte paper. The planCa haie 

1 iiibmltted to specialist*, vet mott of Cbe specimeas or Cartiaa, Naih. etc.. hate been -. 

aim baa been to aeRresale The ipeoimeoi into the pmper KToDpl. There are atiU iDBpy 

oocertaintles among the g«nera Panutim. raipoltim. Htiynfho'iiorn, and other complex 



joitisl B. These, a 



For the aaJie of brevity, the eolleclor'i name ie represeDtfd by bia initial In 
TheaeiDitialaan: 

C = Mr. A. H. Cartiai, »ta of North American plaaCa. 
N = Ur. Qeo. V. Nash, seta of FloHda planle. 

Prof. P. B. BoUe, LakeCity. Florida Agricnltarat College, vho has nlven m 



in the 1 



Mr. H. J. Webbet. Department of Asricaltnre, WnehingtoD. tc 

a - lit. J. a. Blmpaoo, plHDto dl^tribated by the Department of Aki 
without namher or locality other than "Florida." but are from thi 
P - Flanta from the Keys recently 
H - Uyourn coUeolloD. The Oret 
nity. Wh — ■ ■ 



tinted by Meai 



While here Mesere. Webbei 
ond Mnoa waa obtained la tfae winter of inei-'ae. aioaa (I 
CoooanutBroiB, on Biacayae Bay. Under Uie latter localiti 

Florida. A few labeled Sut Florida ■. ■ < 

at JaokaonTllla and St. AnKnatloa. 1. 
a trip on toot from Uontieello to Bayp 
Arehar, Dnoellon, Fitxfinrald, and Broi 
coantlea. Thoie labeled Columbia ooi.- 
lingniabad from thoce collected at LaLe 



ird. Collius, i 
June aud July Otis 

--•■ - ■nablensaia 






lUeatlona tram Cape 
le way down, chiefly 



Ware included eollealloni 

_ ...jMColloctod atrarioua places on T 

The third series wai obtained daring) _ _ 

t. loliowlPB the line of raUroad to Lire Oak. Braniora, 
STille. The plants collected on this trip are Ubeled by 
ity were collected in the soDthem pan, and to are dis- 



1257. LacbnantlieH tlitctoria, Ell. De Funiak, R 2:18; Lake Citf. U 1887; 

Duval couBty,C3839; EustiH, N 1033,H18eO; TavareB,R207; Jupiter, 
C 55381 New RiTer, U 1866. 

1258. Luphioln aurea, Ker. De Puniak, C 5909. 

1259. AletriH aurea, Walt, Madisoa couoty. U 18B4; Lake City, R. 214, 595, 
1247, 1329, H 1878, 1B81; Duval county, C 2841, 0112 (^. /arinoHa); 
E. Fla., U 1B80; Euetie, N 510, H 1BT9; Heruaudci couoty, H 1S83; 
Polk county, R 596, H16-, New River, H 1882. I ata unable to sepa- 
rate A. furinasa. 



1260. DiOHVorea villosa, L. JefferaoD county, H 1§8S; Lake City, R 266, 
1233, H 1889; Duval county, C. 



1261. Crounila pauciJlora, Torr. Chattahoochee, 3i 



1262. Sniilnx tnmnoidea, L. Lake City, H 1912; E. Fla., H 190T; Lemon 

Ci^, H leio. 

1203, Sniiinx buiiti-uus, L. TallabaMee, N 2105; JelTereon county, H 1905, 

1911; Duval county, C 1C3I ; LakeCity. R1317: Levy county, H 1909; 

EustiB, H 1899; Hernaodo county, H 1908; Lemon City, H 1903, 1904; 

Manatee. S 24. 
1261. 8i»IIax pHeudo-clitna, L. Lake City, 261. 

}G. Smilax glauca, Walt. Jefferson county, H 1902 ; Lake City, R 662, H 

1901; Duval county, C 1671. 
1866, Sniilnx ptimlla, Walt. Duval county, C 5573; EuBtis, N 1627, H 1808. 
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1S6T. Smllax walteri. Pursb. E^ke Citj-, R 267,373, N 2238; Durai o 

C 2963, 635.1. 
1268. Sniilas laurifnlla, L. JefTeraon couot?, H 1914: Lake City, R 368, 

1915: DuTal county. C 516, 2S72; EoBtis, N 1601. H 19X6; P.lm Beach, 

H 1913: Pasco count)', B 2532. 
1369. Mmilax aurlcutnta, Walt. Lake City, N 2195, R - — ; Duval couaty. 

C 3864: KustU, N 569; Polk couDty, R 1410. 363; Palm Beadi, W 432, 

H 1900. W 360: Miami, P 241, 240; Maoalee, S 26, TO. 
1270. SnillBx lanceolata, L. Lake City, N 2184. 
1371. Siuilnx bavaueuitis, Jacq. Qrassy Key, C 5636; Oocoanu throve, W 

.353; Big Pine Key. S 168. 

1273. Allium iiiutabile, Mtchx. Pecsacota, R 369: Duval conotj, C 5670. 
1373. NotliU8Cordiiiii Mtriati EuDtb. River JuDctioa, C 6368. 

1274. Noliiia brittoiiiaiia, Naeh. Eustis, II leai; - — , B 1319. 
1975. Noliua |;eoi-|;iaun, Michx. £au Gallie, C 5702. 2937. 

1276. Lfliiiiii cat«Hbaei, Walt. Baldwin, N 2321; New River, H 1890. 

1277. Vucva aloil'oliu, L. MarioD couoly, H 1891; Duval county, C S953: 

EustU, N 936. 

1278. YiK-va Hlaoienlosa, L. JefTerson county, H 1897; Madiaoo county. 

H 1896; Lake City, R 656, 1234, 1S95; Euatis, N 1562; Duval oouoty, 
C4780. 

1279. Melnuthlum virgiulciini, L. De Fuoiak, R181: Lake City, R 1370. 

1280. ZygadeiiUH tflaberriiiiU!*, Miohx. W. Fia., C 2h89; De FuDiak, B 

1230: Argyle, C. 

1281. Atulanthium auKUStifoHuni, Gray. Lake City, R 1330, 1331; — , 

R 243, 271; Pasco county, B2700; St. Auguatine, C G366. 

1282. Aiuluutliiuiit luuscaetovlouiit, Gray. \VBltonGouQty,C2897: Flonla, 

C0407. 

1283. Bcboenocaiiloii gracilis. Gray. Alachua county. H 1891; EubUb, N 

3616, 397, H 1892; Mos<]uito Lagoon, C 3900: Eau Gallie, C; Putnam 

county. B 3082. 
12B4. Chaiiiaeliriiim luteiim. Gray. Duval county, C 2903: Euatia, N 1379. 
1235. Pleea teiiiiiroUa, Michx. Walton county, C 2004. 
1286. Tofiel<tla pubeiia. Ait. De Funlak, C 5908: Lake City, R 831. 



1287. Potitederln cordatn, L. Madison county, U 1931: Lake City, R 519, 
U 1919; Duval county, C 2988. H 2451 : New River, H 1918. 

128S. Pontederia cordatn angustil'olla, Torr. Lake City, R 518; Duval 
county, C 2988* : Eustie, N 450. H 1917. 1920; Polk county, R 520. 

1289. Eiclihomia craiiii4i|iC8, Solms. Marlon county, H 1922; Duvaloi 
C 5867, H 2450: Euatis, N 801, H 1923, 



, C 5^i 



1290. Xyriti brevlfolln, Michi. Lake City, R 567: Duval o 

Euatis, N 363; Klaeimniee, R 793. 

1291. XyriH flnbellit'orntiH, Chapm. Duval county. C 5666. 

1292. Xyris ambfgua, Beyr. Walton county, C 3003: ApalaciiicoU, C 3003: 

Jefferson county, H 1924; Duval county, C 5290. 

1293. Xyrla ellluttli, Chapm. Levy county, H 1926; Euatis, N 1305, H 1927, 

1928; Hernando county, 1925: Hillaboro county. B 3748. 
1291, Xyris commuuis, Kunth. Lake City, H 1937 ; Duval county, C fl 
Oitrua oounty. H 19^; Bockledge. C 5T31. 
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1895. Xyrls data, Chapm. Lake City. R r>63: Euatia, N TC6, H 1936. 
1^96. Xyris HniHlliana, Noah. EubUb, N imi, 1585; Tavares, B 5(i0. 

1297. Xyrls caruUiiiuna, Walt. Quioof, N 2563; Lake City, R 506, 1176', 
Baldwin, R 562; Archer, R 1120. 

1298. Xyris platylepis, Chapm. Lake City, H 1929. R 1244; Duval county, 
5718. C 3011; Baldwin, N 2413; Eustia, N 1378. H llKiO. 

12E9. XjpiM Hmbriata, Ell. Eustis, N 14G1; Polk county, R GGl, ,8; 

Duval county, C 5232. 
. Xyris torta, J. E. Smith. Lake City, R 376. N 2201. H 1933; Falling 

Creek, R 382; Duval county, C 3013; Euaiis. N eSi. H 1935; Tavares, 

R905; HernandocouDty, H 1932; Tampa,R113l; New River. H 1331. 

1934. 
1301. XyriN baldwinlana, R. i. S. Walton county, C 3015. 3011; Eustis, N 

764; PoUt county, R 559, 1374. 



1308. 
1303. 
1304. 
1305. 

1306. 
1307. 
1308. 

1309. 
1310. 
13U. 



1313. Jiiu«.-u)i effiiNiiH, L. JefferBOQ county, H 1953; Duval oouoty, H 2455; 

Lake City, H 1952; Eustis, H 1951, N 452. 

1314. JUDCUS setUCeUH. Roatk. River Junction, C 5S97: Lake City, R 870. 

1315. tJuDciis dlehutomiis. Ell. Jefferson county, H 1956; Lake City, 11 

1955; Duval couoty, 5660, 47:i5; Eustis, N 3J3, H 19J4, 1971 ; Tampa, 
R 1117. 
1.116. JuQCita Ht^irpoldett, Lam. JeEFeraon oounty, H 1^6, 1967; Madison 
couoty, U 1950; Duval county, H 2454; Marion county, H 1962; Lake 
City, R 914, 915, 907, 883, H 1966: Citrus oounly, H 1963; Eustis, N 
917, son, H 1957, 1960; TavareH, R 904, 906; E, Fla„ H IOCS; Palms 
Sols Bay, S; New Rivar, H 1964. 



Cotnmelyna nudiflora, L. River Junction, C 5991; Tallahaesee, N 

2315; Palm Beach, H 1914, . S (18891. 

Couiitielj'na vlrgiuiou, L. Eudtis, H 1915, K 1157 ; Hernando county, 

H 1946; CooDKey.B241. 
Gonimelyna uiiguntifolia, Mlchx, Alachua county, H 1948; Eustis, 

N 387, H 1949; Polk county, R 1399, 50; Miami. P 232. 
Comnielynn ttirtella, Vabl. Duval county, C 5762; Loner St. John's 

River, C 2993. 
Cotiiiiiclyiia erecta, L. Duval county, C 5763, B 3452; Tampa, N 

2165; Lake City, H 1947. 
Tradeitcautfa Auridann, Wats. Palm Beach, C 5109, W 219; Mer- 
rill's I., C 2995*. 
Tradescautia rosea, Vent. Levy county, H 1939; Duval county, C 

2908; Eu9tia, H 1940; Sanfotd, R 49, 610; Polk county, R 48, 1401; 

Putnam county, B 2184, 
Tradei4oaritia rPtlexa. Raf. Madison county, H 1941; Lake City, U 

1943; Banksol St. John's River, C2996 in part; Duval oouuty. C. 
TradeBcantia luii;;ili>lia. Small. Duval county, C 5672 ; Polk county, 

R47. 
Trade^icantia folluaa. Small. Eustis, N GIO ("in part," according to 

Small), H 1941. 

MAVACACRAB. 

Mayaca niicfaauxli. S. &, E. Walton county, C 2999, 5094, Euatia, N 
714, H 1950. 
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an. J—f ■ iwlj-crpluliM, EtL Jeflomo eotm^. H ISCt. 

mg. 4UM€m» m teg M ftxphmlnM, M. A. Cnrtia. Tkaips.R lllS: ]IiMai,> 

mt. 4vmema cOhiUU, CUf*- JeS«nMi oonntr. B ISCS; Dnnl a 

HIT: EaMte,X33K. 

lan, JuMtta tklMwtfriu, Chftpm. Ap*tochioeil«, C MBO*. TtuaiapMataUr 
out k good apw^Mu 
. •ftincaiimcumiuKttiii, Mtcbi. Argjle, C 6(0Q. 

■ Juuciu maricliuKuH, ICfutk. Jrflenon coantj. H Iff73: HadiaoB 
aounly, H W.i; Uke City, R 910, tt9S, BTTo, 9TI; Enatja, H 1870; 
Tbtum. H MO; Ht-rcAodo couctr. I! t»Tl. 19T7. IMO. 

Vsr. atiatuliittiB, OitUIs. Eubiib, N TM : New Rirec. H lOGD. 
Vu. pln«lorum, Co*ilie. Uke Citf, H 197S. ISTO; Baldwin. B 
WS: DuTftl cjgntr. C SS7^ I! 24UI; Eustb, N »1S, B \Sn*\ N 8S8; 
Ilprntndo oouDty, II IBTS. 

Var. blllnrilH. Cbupu. Du»l county, C 6111. 
^ JUtiriiH n-pviiM, Mic^bi. JriTorson county. II 1961 ; Suwaaee oovaxty, H 
mfi; Dumt oounty, C lATM: Eustis. N 121i; Eau Uallie, C 3979. 

, EchlnoduruH imrviiliiN, Ecgeim. Tampa, C 2739. 

, BaKltlurlu litnclCollu. L. Madisoii couotr. H 1983; Duval ooonty, H 

MrjT) Lakn City, K 22.1; Eustia. II I».^j; Tavares, R 531; E. Fla., 

II lasi; I'ulk (H'unty. R .^£2, 1411. All except U 19S5 belong to varietjr 

fair,,, a. 
. HiiKllliirIn irr»itilii<>n, Michx. Palm Beach. II !QSS. 

Var. t-'yclciptcnv. Smith. JefTersoo county, H 1987; Duval couDtf, 

U ?74H, aiU; EiintiB, N J33, II 108G: Polk county, R 887, 13S0; Puoo 

county, 1)2701. 
. KniEllUtrlM Htlbliliilit, Bucb. Duval county, C 5698, H 31!>6. 

Var. iinlniiH. Bmith. Kel&ir, N 255S: MadisoD county. H I960, 

ItKil ; Marion i;ouuly. iJ IflflS: Lake City, Rd24; EuBtia, H 1990; Daval 

county. t'(l.\T(5. 
, HiiKlltiiHit iNOCdl'ornilti. Smith. Eustis. N 158. H 1903. 
. NiikH liu'ln iniroriiiU. Smith. Duval county, C i891. 
. NuKlllitrlu liitirollii, Willd. Lake City. H 1091; Lemon City, 1X1996. 



i;t.'til. 

\:m. 



IMO. 



TrlKlochlii IrliUHlni, Mirhx. Palm Beach, H 1996. ^^m 

NitliiH iiiit.)i>i-. All. Cape Romano, C 2705. ^^H 

ltil|>|il» iiiitrKlmii. L. Mant-rova Key. P 18. ^^| 

Hitlml |.iiliiirll«. R. AS. Duval county, C 2677; Manatee. S 47. 
Niitiiil luliiiiHoiiil, Uuerna. Duvat county, C .'<TS1, U 1999; Eustia. N 



, Lodd. Dig Pine Ecy, P ST; Saddle Bunch K^, 



rtiii. H 1 
Tit rl tun 

P»3. 
ThrluiiK )iHrb«rl, Cbapoi. Oocoanutgrove, C MS5, W S81; Lmbod 

City, II SOUO, aOOl ; Biaoaroe Bay, C SC79*. 
TlirliiHx iiHrvttlont, Swarli. Raooooo Key, PIOI; Bahia Honda Kay, 

V 9079*- ; No Nam* Key, C No. H. 
S«r«ii(m MrrulaUt, Uook. f. Suwaoee county, H 9006; L«ka Cit7. 

II 9D0T; EuatU, N 644, U 90O4. 9006; Polk county, B OB; LeqMM Ottr, 

11 SOUd. AXB: Maoatw. S 33. 
ScivniMt tMttwulo, Swingle^ Enatk, N 889. 




iMt. Rliaptdopliyllam hystrix, Weodl. EuatiB, H 2008. 
13tS. PseudoplKJL'Dix sar^eiitii, Wendl. Loog Key, C 5G37. 

1349. CocoB uueli'era, L. Lemoo City. H 200B; Sugar Loaf Key, P 50, Nat- 

uralized. 

T1-PH*CE*B. 

1350. Typlta angustlrolia, L. Marion county, H 2013; Eustis, U 2014; 

PelioaD Ke7,8 281. 

1351. Spargaulum simplex, Hude. Duval county, C 2703*. 

1352. Arlsaema trtphylliini, Torr. Lake City, R51G; Duval county, C 2681, 

1353. Arisneiiia dracontiiim, Schott. Columbia coudIj, H2015; Lake City, 

R 1084, U S016. 
1351. Peltandra vlrgitiioa, Raf. Euatie, II 2017; New River, H 3018. 

1355. Peltaiidra alba, Raf. Lake City. R 517, 026, H 2019; EuHtle, H 2020; 

Crest View, C. 

1356. Pi)ttfa Hpalliulata, Micbx. St. Jobo's River aod Uillfiboro River, C 

2087; IsUchatta, C 5960; , 8. 

1357. Onmtliiin a<iiiaticiim. L. Lake City, R 6C0: EustiB, N 536. 

135S. Colucasla eitculcula, Scbott. if) Escaped, and well eetabtiahed 
around Lake City; Potk count>, R 1^0. 

1369. Spirodela polyrbllUk, Schleid. Columbia couoEy, H 2023; Tituavilfe, 
N2282- 

1360. Leiuua itiiiior, L. Marlon county, H 2021; Enterpriae, C 2695. 

1361. Lemiia cycloNtasa, Cbev. Lake City, H 2025in part; Euetia.N891. 

1362. Lenitia perpiiailla, Torr. ColumblacouQty, U2024; Lake City, H 302o 

ia part; Euatia, N 1591. 

1363. Woltllella Horidniia, Tbompgon. Lake City, U 203!iiD part: Daytonia, 

C2699*; Euetie, N254, 



13G1. Rriocaiilaii decangular^, L. Duval county, C 3016, R B77; Oraod 
Island, R 233; Lake City, R 893, 1173, H 2031; Euatis, N 847. 1723. H 
2036; TavaroB, R 1339; Hernacdo county, H 2033; New River, H 2033. 

1365. Eriocaiilon compresHiiiti, Lam. Jefferson county, H 2027; Lake 

City, R 1235, 1356, in part; Duval county, C 3017; Euatis, N 92, H 2^6; 
Alacbua county, H 2028; Kiasimmee. R 241. 

1366. Paepalantbus Kavldiiliis, Kunth. Jefferson county, H2034; Suwa- 

nee county. U 2038; Lake City, R 13&3, II 2036; Euatis, N 143, U 2037; 
Hernando county, H 2035; Kiasimmee, R 242. 

1367. Lachuocanloii aiiceps, Walt, Lake City, H 2044; Duval county, C 

3021 ; Euatia, N 1942, H 3043; Hernando county, II 2045. 

1368. Luchiiocaulon glabruiu, Kom. Euelis, N 1134, 1981; Now River, H 

2029. 

1369. LatlMiooaulon beyrkbiana, Sporl. Walton county, C 3022, 5911; 

JeSeraon county, U 2040; Madieon county, U 2011; Eustla. N 1296, 
148, 18a>, H 2039; Hernando county, H 2042. 

1370. CyperuH §qiiarr(HtiiN, L. Lake City, N 2243, R 921, 

1371. Cyperiia Havei^cenH, L, Madison county, H 2081; Marion county, H 

2082; Duval county, R878. 
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1313. Cj-peras niittallfl, Torr. DuTBlcouoty, H 2563; Indian RivBr.C 3060; 
EuBtU, H2D04; EftuGalUe, C571S; Palm Beach. W 401i. U 3062, S0G5: 
Now River, H 2063; Tampa, R 1116; , 8. 

1374. Cj-perilS miorodonliiB, Torr. Jefferson county, II 2075, 2099; 8u 

wftnee county, H 2071; Columbia county, H 2073; Lalie C'ily, U 2079; 
MadiMD county, H 2077: Marion county, H 2002; Cilrua county, IT 
2076; Euatie, H 2078, 2080, N 1023. 24S4. 482 (which appeara to b* C. 
nulloltii). 

1375. CyperiiH HtrlgOHiiB, L. Tailahasaee. N 25.30; Columbia county, B308J; 

Labs City, H 2086; Duval county, U 25G2; Hercando county, H aO%; 
, C (second diatribution ). 

1376. CTperiiX kriliin<-un, Swartz. Merritt'a Island, C 3025*; Palm Beach, 

C 5384, H 3067, 2068; Caxsmbos leiaod, S 2S3: Key Largo, P 171; Up- 
per Metacumbe K?y, P 135. 

1377. Cyperuft telragoiiiin, £11. Duval county, C 3059; I«ke City, N 

Palm Beach, H S087. 

1378. Cj'periis lis-iilarls, L. Mosquito Lagooo, C 3046; Palm Beacb, C 

H SOTS; Palmetto, N 2416. 

1379. Cj-perus specNMitw, Vahl. Marion county, H 2090; Duval county, C 

3048. 5122, II 2561 ; Euslia, N 737~, U 2089; Tavarea, K 901 ; Palm Beach. 

W 408, H 2088. 
13S0. Cyperiis ettrulentUB, L. Archer, R 911; Lake City, H 2095: Duval 

county, H 2560; Duval county and Indian river, C 3052; Eustis, H 

2091, N 1007; Levy county, H 3094; Citrus county, H 3093. 
1381. CfperiiH rotiiiidiiH, L. Jefferson county, H 2070: Madisoo county, H 

S071; Euatia, H 2069. 
L382. Cj-penisartioulatue, L. Eustia, N 1701, H 2067; Duval county, C 

50C1, H 25Cfi. 

1383. CjpeniN Itaspno, L. Jefferson county, H 2098; Duval county, U 2^9; 

Lake City, R 912, 913; Eustia. N 1433. 736, H 2097; Citrus county, " 
2096. 

1384. CypeniH lecoiitoi. Torr. Lake City, R 1175: Indian River. C 3045;i 

Euatia, N 1253, H 2061. 2062; Tavaree, R 899; Melbourne, C 571«iJ 
Palm Beach. W 410. 

1385. Cjperus vireus, Michi. Buwanee county, II 2100: Indian River, Ol 

3062. 

1386. Cypermt calcnraliis. Nees. Suwanee county, II 2103: Madison c 

H 2104; Marion coUDly. U 2100: Lake City. H 2101; Palm Beach, H| 

2102, 2105 
1367. C)-I>erll{< HIirinnnienNlH, Rottb. Duval county, C 30.12: Eus^, 1 

2107; Tatnpa, N 2475. 
1388. CyperuB coiiipri-NKiitt. L. Madison county, H 2060; Lake City. ^1 

2C69 ; Duval county, C ;SJ2C. H 2564 ; Eustia, N 1020. H 2058. 
138S. CypeniH filimliniN, Vahl. Madison county, H 2110; Lake City, flj 

2100: Duval county, 3036; Euatia. N 907, H 2108. 
1300. CypcrtiM oviilariH, Torr. Madison county, H 2U1; Sawaoee coun^, 1 

11 3114: Levy county, H 2112; Citrus county, H 2113. 

1391. CypcriiH retrofraclus, Torr. Duval county, C 57K; Lako City, Si 

909, 918, H 2066; EusUs. N 1741. 

1392. Cypcrns bnldwliii), Torr, Madison county, H 2115: Duval county, ] 

'2558; Lake City. H 2116; Tailahaaam, N 2410; Euatia, N 619, 10»}.1 
Tampa. R 1114; , 8. 
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1303. Cypenis oyllndrlcus, Britt, Madieoo couctj, H 2121; Archer, BB19; 

EuatiB, N 1196, H 3120,2123; Tavaree. B 898 ; Levy county, H 2122; 

Palm Beach. H 2117. 3118, 2119, 2124 ; Miami. P 257. 
13M. Cyperi]8 0}-liiidrustaL'h.v!4, Boi-ckl. Eustis, N 1268. 

1395. KylliDsia piimila. Michi. Alachua county, 11 2181; Lake City, R 

886. H 2182; Kustia, N 1066, II 2180. 

1396. Kyllingia odorata, Vakl. Tallaharaee, N 2411; Jefferson county, U 

2178; Lake City, H 2179. 

1397. Kjlliiifflabrevifolia, Rottb. EusliB. N 1036; Tampa, C 3065. 

1398. Diillcliiiim Hpathaceuui.Rich. EueLie, N 1160, U 2130; Lake City, 

R9C0. 

1399. Lipocarplm niociilata, Torr. Jefferson county, H 3185; Madison 

county, U 2184; Ijtke City, U 2186; EietU, N 1162, H 2183; Duval 
county, C5285. 

1400. Fiilrena Nvlrpoidea. Vahl. Suwanee county. H 2169; Duval county, 

C 3067; EuBiis, U 2167; Polk county, B Xi; New RivM, H 2168; 

, S. 

UOL Fiiireiia Hiiuarrogn. Michi, JeSerEon county. II 2174. 2177; Lake City, 

B 916, 8S5.M 2171, 2172; Duval county, C 3068, 5583; Eustis. N 910. 

1038, H 2170; Citrus county, H 2176; Palm Beach, H 2175; Cocoacut- 

BTOve, H 2173. 
1108. EleorhariH liiterHtinvIn, R. £S. MadiEou county, U 2131; Eustis, N 

1.123. 
1103. EleotliarUoellulosa, Torr. Titusville. N 2303; Duval county. C 6540. 
1101. EleocbarlR eloiigata, Chapm, Eustia, N 949, U 2132, 2ia3. 
1105. KleovLarU oclireata, Nees. Jefleraon county, H 2I3J; Euatis. N 

2077, 107, U 2134; Duval county, C 5694, H 2566; Eau Gallifr, C 5B06. 

1406. Eleocliarla uvata, B. & S. JeStrson county, 11 2136. 

1407. Eleoc-burii* cbaetnria, R. & S. MadisDU county. H 2138; Lake City, 

H 31.'%; Euatla, N 99G. il 2140. 

1408. Eleoclitiri!) uudiiluNii, Bobultes. Euetie, N 1209. 

1409. Eleoi-liaris vivlparu, Kuuth. Madison county, U 2112; EuBtis,N8C6, 

H 2111, 2149; Indian River, C 3072; Tampa, C 3088. 

1410. Eleovharis tuberciiUiKiv, R. & 8. Duval county, C 3096. 

1111. Eleocharls uilcrucnrpa, Torr. De Funiak, C 5927; Duval county, 

5669. 

1112. Eleotrharls melniiocarpa, Torr. Walton county, C 3082; Jefferaon 

county, II 2143, 2145; Madison couuty, U 2147; Suwauoe county, H 
2116; Levy county, H 3111; Duval county, C 5609, 6668, 

1113. Eleoi-baris trU-oslata, Torr. Lake City, R 1180; Duval county, O 

6667. 
1111. Eleocbarls albida, Torr. Lake City, U 2148; Duval oouoty, C 5675; 
Titusville, N 2312. 

1415. EleoL'harlH areriioola, Torr. Palm Crepk, weat of Evergladea.C 3073. 

1416. ScirpiiMuaniiH, Bpreng. Titusville. N 2311. 

1117. Scirpu»4 aniericaaus, Pere. Euaiia. N 431, U 2224; Duval county, H 



inty,C5680; Hernando county, H 



1118. Svlrpu8 robiistiis, Purab. 1 

22.30; Cape Sabia, S 209. 
1419. SclrpuHCJ'llndrk'US, Britt. Jefferson county, H S226; Madisoncc 

U 2225; Lake City, EI 2227. 
1130. Sclr|>U8 lacustrU, L. Eustis, N 1362; H 3239; Palm B«acb, H 2 
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1431. ScirpUS 03-periniiH, Britt, Jefferson county, H 2231. 

U22. Scirpus liallii, Graj. Indian River, C 3118 •. 

U23. FinibriHtsIi-ioaNtJdiea, Vahl. Lake Cily, R 1172, I231; Duval oounl 

H25C8: EuBtifl, N 1186, 1323, 1350, H 2150: Levy county, H 21 

Clearwater. R 1181; Tampa, R 1115. 
UU. Finibrlstj-)i8 xpadiecH, Vahl. Duval county, C 3127, 5697: 

nando county, H 2153: Palm Beaob, H 2152. 
H2S. Fiiiibrl-stylitt piiberiiln, Vahl. Suwanee county, n 2156: Lake City, 

R8S4; Eustis, N 1214 : Levy county, H 2154 : Hernando county, H 2156. 
1426. Finibristjils laxa, Vahl. Eualia, N 17(10. 
U27. Fliiibrlstylls autiimiialJs, B i S. Jefferfon county, H 2157; Madi- 

BOD county, H 2159; Lake City, H 2tG0: N. Fla , H |1S84): Duval 

county. C 3130, 5011, U 2507: EustiB, N 1021, 1205, H 2158; Cocotinul 

groVB, li 2155. 

1428. StouopbyllHS capiUaris. Britt, Madison county, H 2163: Lake CHty, 

R 879, H 2162; Levy county, H 2100: Eustis, N lOCGa, H 2101; ~ 
Canaveral, C 5711 : Palru Beach, H 2161. 

1429. Stoiiophylliis floridaiiUH, Britt. Lake City, H 2246; Euetis, N 

H 2245. 

1430. SteuoplijIliiH ttleiiopliyllus, Britt. EubUb, N 1320: Levy oouDty, 

2249; Hernando county, H 2247; Palmetto, N 2454. 

1431. Steiiophj-lliiH warci, Britt. Suwance county, H S^S; Levy coud^ 

U 3251 ; Euelis, N 1165, 1685, U 2£0; Hernando county, H SS53; In- 
dian Eiver, C 3135; Palm Besch, C 5526. 

H32. AblldgHHrdln monohtai-llja, Vahl. Hcrrando county, H 2046; No 
Name Key, C 3130, 5513; Big Pine Key. S 197. 

1433, lEhyiK-liuijpara cjperoidcH, Mart. Lake City, R 830; Discaynv 
C5495, 

1134. Rhynrbospora cornioiilnta, Gray. LakeCity.RUTI; Duvaloouot 
H2568, 

1435. RhyiK-bwspora patiiln. Gray. Euetia, N 1075. 1384, 1488; EauGi 

C 3147. 

1436. Rlniubospora piii>illn, CbDim. Duval county, C 3170: Eustia, 

1975, 
ll.'J7. BliynrboBpora diverBeiis. Charm. Icdisn River, C3150*. 
14.S8, nhyut-bospora oli^atitbn. Gray. Duval county, C 5687. 
1139, Rli> neboBpora plunio.'tn. Ell. Argyle, C 6188, 

1440. Rhyuclio^pura interiii<.dia, Britt. Eustis, N20S0, H 2189: EauGal.? 

lie, C 5703: Mosquito Id let. C3173*; , S. 

1441. Rhyiif-boKpora gloiiierutn, Vshl. De Funiak, C 5926; JeSemM 

county, H 2196: Buvanee coucty, H 2105; Lake City, H 2191; Danl 
Dounty, C 5739, 

1442. Rhyn«^'bot'pnra axitlariH, Britt. Jefferson counly, H 21B0; Laty 

county, H 2191 : Lake City, H 2193; Baldwin, R 884 ; Euatia, N 815, B- 

2192; Hernando county, H 2194. 
1113. Rhyni-huspora tunva, R. i S. Milton, C 5928. 
1111. Rbyiicliospora Ulirolia, Gray. Euetie, U 22C6: Hernando county, 

H 2207, 
1415. RtiynobotiporadfstanB, Vahl. Madison county, H 2200: Levycoun^. 

H 2201 ; Lake City, H 2199: Euatis, N 663, 802, 642, H 2202. 
1146. Rhynohoitpora faNrft-iilaris, Vahl. Euatia, N 041, H 2198. 
1447. KbyiH-boHpora ^rucileota. Gray. Eustis, N 1331 ; Duval county, 

C5072. 
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IMS. Rhjnchoflpora leptorbjncha, Wright. Duts! county, C 4874. 

1449. Khyouliotiitora cilfnta. Vahl. Lake City, II 220B: Duval oouDty. C 

M16, 4873: EuBtia, N 531. 

1450. Kh.Tneli08pora grajl, Kunlh. Lake Citj-, H 2205; Eustis. N 406, H 

2203; HernaDdo couaty, H 2204. 

1451. RhyuchuHporn flodorntiilrii, Baldw. Madison county, H 2209; 

Euaiii. N4G2. H2210; HerDando county, H 2212: Palm Beach. C538S, 
H2211. 

1452. niiyiH'liotipurA cyiiioNn, Nutt. River JuQctiou, C. 

1453. Uhyuvhiispura rarlHora, Etl. Eustis, N 20i!2, 4^9. 

1464. Rbyu<-h<i8)Kira microcarpa, Baldw. Poccede L«on, CG482; Icdiaa 
River, Washington county (.\), Jackaon county (B), Sumtar county IC), 
C3149; Suwnnee county, H 2210; Lake City, R 908; Euatis N 347, U 
2214: Merritt'a laland, C 3162; New River, H 2213; Hernando county, 
H 2216. 

1^5. RhyiK-liospora cadiira. Ell. Madiaon county, H 3219; Lake City. 
2872, U 2220; Duval county, C 5415; Euatia, N 839; Hernando cooaf;. 
H 2217, 2218. 

145C. RliyiK-hoapara milaeea. Gray. Eustia, N 1845, H 2231; , 8. 

1457. Rhyitoliospora steuophylla, Chapm. Walton oountj, C 3174, 5915. 

1158. Rliyiichospora miiriiicuIiiH, Neea. Enu Gallle, C 5719; llemando 

county, H 2223; Mosquito Inlet, C 3174*: Palm Beach, H 2222. 

1159. ChaetOHpurn nigricans, Kuntb. Palm Beach, H 2053. 

1400. Psllocarya niteus. Ward. Duval county, C 57(51; Eustia, N 1294: 

Citrus county, H 2187; Manatee, 8. 
14131. Dichroniena Iviivooepbalu, Michx. Columbia county, U2120; Lake 

City, R 87IJ, 883, 917; Eoatia, N 1045, II 2126; Marion county, B 2021; 

Citrus oounty, H 2128; Tampa, R 923; Palm Beach, H 2125, 2127. 
14t;2. Dioliroittcna latil'olla, Baldw. Lako City, R i:90, 894; Duval county. 

C 3138, N 2595, R 882: Polk county, R 881. 
1463. Cladilliii efl'iiNuni, Torr. Milton, R GC6; Marion county, II 2054; 

Eualis, N lOlG, H 2055, 2056; Big Pine Key, S 247. 
1461. Scleriatri^luinorata, Michi. Columbia county, H 2°,3]. Labe City, 

R 1193 in part, H 2735; Duval county, C 3179; Eustia. N 316, H 2232; 

Hernando county, H 2233: Pasco county, B 2631. 
11G5. Scleria oligantha. Ell. JeSeraon county, H 2237; Duval county, C 

5665. 

1466. Scleria laxa, Torr. Duval county, C3I82, 5757; Euatia, N 1339, H 2244. 

1467. ScIerla clllata, Uichx. Duval county, C 3183. 

1468. .Sclerlu elliottU, Chapm. Duval county, C 3184. 5G74; Euatia, N373. 

1469. Scloria paiiolflora, Muhl. JeSeraon county, H221I; Buwanee county, 

H 2240; Madiaon county, H 2239; Marion oounty. H 224.1; Lake City, 
U2242; Euatia, N 508. C.30, 1040, U 2238; Melbourne, C 5716; Duval 
county, 4793; Paaco county, B 2688. 

1470. Scleria baldwinil, Torr. Duval county. C 3186. 

1471. Scleria gracilis. Ell. Duval county, C 3187; Hernando county, U 2236. 

1472. Scleria fllironnii^. Swartz. Biacayne Bay, C 31B8, 5497. 

1473. Scleria verticillutn, Muhl. River Junction. N 2575. 

1474. Scleria llirtella, Swartz. Duval county, C 3100; Euatia, N 1917, 

1475. Gare\ Htipata, Mubl. Lake City, R 1174. 

1476. Carex alboliilesceuit, Bchnein. .liilTeraon county, H 2052: Duval 

oounty, C3193: Eustia, N 1037, H 2051; Tampa, B 1113: Faaco county. 
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1JT7. Carex p ol yt rich o ides, Mubl. Uuvat couDty, C 3300. 

1478. Carex imjlepis, T.& H. Chattahoochee, C 3290. 

H79. Carex pt>cln«.-ar|ia, Steud. Aepalaca. C 3306. 

tlSO. Carex dax} -car|>a, Muhl. Aspalaga aod Mosquito lolet, C 3236 ; 

county, B 20*17. 

Uei. Curex styloDexa, Buck). Ricer Junction, C 6402. 

1483. Carex laxlculmis tlortdaiin. Bailey. Riter Junctioo, C 6383. 

1483. Carex verrucosa, Muhl. MadisoB county. U 3049; Lake City, ^ 

H 2050; Falling Crwk. R 905. 

1484. Curez chH|iliiHni, Sarttr, De Funiak Springa, C P.3Sj. 
14S5. Carex nmplilbola, Bteud. Rirer Junction, C GMl; Duval couDtj, O 

6356. ~ 

1486. Carex comnsa, Boott. Citrus county. H 2047. 

1487. Carrx tentnciilata, Mubl. Lake City. U 2048. 
1468. Carex eiliottii, Scbw. & Ton. Walton county, C 3i3i ; Lake Ci^, 1 

874; EuBtJB. K 499; De Funiak Springs. C GJSO. 
1489. Carex louiHiaiiica, Bailey. Duval county, C 56C4; Pasco oounty, ] 



1400. Reiniarfa oUgostacliya, Munro. Duval county, C 3596o, H 

1491. Faspaliim platycauloii, Poir. JetTerson county, H S463, S4I 

Sunanee county, H 24GO, £>1S; Lake City, R 981, U 2461, S464; Dm 
oonnty, Q 2577; EusUs, N 1219: Mvere, R 601. 

1492. Paspallini paspaloldes, Scribn. River Junction, N 2372; Inke Oil 

R900: Hernando county, H2465; Duval county, CA'iCO; Crystal Lai 
C 35^* ; EuatiB, N 500, H 2466. 

1493. Paspallini diHlicliiim. L. JellersoD county, H 24ti9; MndieaD oonn^, 

H2467; Duval county, C 5741; Eustis, N 1205, 1035, H 2468; lodlaa, 
River. C 3567 • in part : Key Weal, C 35C7 ; - — -, S. 

1494. Paspalum va^ inatuni, Swart«. Indian River. C 3567* in part. 

1495. Paspaliim eiliatlfoliuni, Michi. Tallnhassee, R S.13; Lake Citjr, B 

1007. H 2470, 2474, 2475; Duval county. C 6017, R018; E. Fla., H 2471, 
2477: Alachua couoly, II 2472; Levy county. H 2479, 2480; EuBtiB, H 
2473. 2476; Palm Beacb, H 3479. 

1496. Paspahiiu setaceiini, Micbx. JelTerson county, H 2JS3; Suwanea 

county, H 2484; Lake City, R 846. 849. H 24&'>; Duval county, C 3576, 

50ffi, H 2576; Euatia, N 946. H 2431, 24S2. 
U97. Paapuliim lonj^ipediinculatum, Le Conte. Suwanee county, H2188} 

Madiaon county. H 2487; Levy county. H 2491; Lake City. R 900, 831,. 

983. 1182, H 2486; E. Fla., H 2490; Euatis, N 629, 600, 1417. H 218a^'-,i 

2480: New River. H 2492. 
1498. Paspaliim raermulosiini, Nutt. Duval county, C 5080. 
1490. Paspulniii purpiiruseenN, Ell. Tallahassee, N 2346; Jefferson oountjr, 

H2495; I,evy county, H 2404; Lake City, R 819: Duval county. C 5715. 

1500. Paspaluiii plicatiini, Micbx. Pensacola. C 5923; Sunacee county, H 

2496, 2306; Madison county. H 2497, 24P9; Levy county, H 2501: I.ak« 
City, R 811, 767, 1195, 1442: Eustia, N 210, 680; New River, H 2498; 
, R 1044. 

1501. Paspalimi cspspltosum, FlufCRe. Palm Beach, H 2503; Cocoaniii- 

grove. H 2502; Palmetto, N 24!4; No Xame Key, C 5440; Sugar U»t 
Key, P 74. 
1503. PaHpaJlim HllilpNUni, Naeh. No Name Key, P 124. 
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1G03. Paspalnm praecox, Wnlt. Lake City. H 2004 ; Duval county, C 3569, 

55S0; Euatia, N 2017; Hernaodo county, H 250,'). 

1504. PaRpaliini laeve, Micfai. TBlJahiiGsee, N 2344: Cbattaboochee, 

San?; Jefferson county, H 2506; Lake City, R7G6, Iia4; Duval county, 

H 2578: EuHtis, N 507, 1027, 1340, H 2507, 
15^1. Pa»palum ciirtlssiniiiim, Steud. Eau Gnllie, C 572S. 
IfiOti. Paspaliitii ilifforme, Le Conte. Duval county. C ri517. 
1507. PiiNiialiiiu pHliiilfiHiim, Vaaey. Duval county, "jTiiO, 

1505. PuMpaltim Hurldannni. Micbx. Lake City, R 820; Duval county, C 

5700; I,«vy county, H 2o03. 
l.'KW. Paspahiiii (lliatatiim, Poir. Titusville, N 2298. 
KilO. PaHpahiHi giBaiiteiitii, Baldw. Dural county, C 3571 • ; Eustis, N 1754- 

1511. Paspaluin Hiiltatix, Kunth. Eusli^, N IGefi; Upper St. John's River, 

C 3563; latacbatta, C r&lO. 

1512. Paspaluiii membra iiuceum, Walt. Duval couoty, C 5081, 

1513. EriocliIoB nioUlH, Kunlh. Eunacee county, H 23:U; EuBtiB, N2050: 

Jupiter Inlet, C 5556. 

1514. Erjcichloa lungit'ulia, Vasey. Cape Bomaco, 8 2C3: Cape Sable, S 

165. 

1515. OpIii^iuenuN setariiis, R. & S. TalUKH^see, N 2524; Jupiter, 05553; 

Palm Beach, H 2337; , 8; Duval county, C 5301. 

1516. AntliHMiantta villosa, Bentb. Levy county, H 2270; Duval county, 

C 3r)96. 

1517. AnthH<iiaiitla ruTa, Schultea. Duval county, C 3603, N 2694. 

1518. Amplik-urpiim imrKliU, Kuntb. Eustis, N 1G50. 

1519. Aiiiphicariniiii floriilHimm, Chapm, Euatia, N UlC, 11S2. H 22Ki. 

1520. Paiiiciiiii Hiiiiprioiii, Beal. St. Augustine, C 6122. 

1521. Paolcuut Haii^iiliiale, L. Jefferson county, H 2511, 2513; Buwanee 

county, H 2012; Levy county. H 2510; Lake City, H 2509; E. Fla., H 

2515; EuBtJH, N 2105. H 2514, 2516. 
1622. Paiik-iini lilKurme. L. Alacbua county, U £526; Lake City. R 768; 

Duval county, C 3590, 6053; Euslie. N 1019, H 2.''.27; Miami,P214. 
l.')23. Panltrtim glabnuii. Gaud. Heroaodo county, H Tin. 

1524. Panlciim Ketigoriim, Roth. Duval county, H 2575; Euatia. N9g6; 

Palm Beach, U 2518, 2519, 2520. 2521 ; Lemon City, U-2522: Key Largo, 
P205. 

1525. Pallidum serof iiiiini. Trio. Jcfferaon county, H 2524: Lake City, N 

1264, H 2525; Duval county, C 3604h, H 2574; ■ , R 1046. 

1526. Paiik'iiiii chaiiiiiiiiiti, Vaeey, Key Largo, C 5457; Cape Sable, 8 157; 

Little Pine Key. C 3607. 

1527. Paiiicum oiirtisll, Chapm. Madison county. H S529; Citrua county, 

U 25.')0; Lake City, R 859, H 2528; Duval county, C 3585; EusUb, N 
745, II 2531. 

1528. Panieiiiii paHiiatoittes, Pera. Lake City, R 1194; EuEtiB,N746; Uan- 

1529. Pallidum lliHcum, Swarlz. Caiamboa Key, B 275; Sand Key, C 

3tX)6'". 
15.30. Paiiiciiiii f'ascloii latum, Birartz. Sanibel I., 8 202; Cape Canaveral, 

C35b9; Key West, C 5431, 
153L Pautuiiiu l«iicopliaeiim, HBK. Eustis, N 1728; Cape Canaveral, C 

3597 * ; Hypoluio I., C 5393 ; Key Largo, P 174. 
1532. Paniciim verrucoNiitii, Uubl. Duval county, C 5807: Lake City, R 

762, UH; Eustie, N 780, H 2532. 
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1533, Panlciun prolireriim, Lam. Palm Beach. C 538G. 
153i. Pauicum hians, Ell. Jeffereon county. H 2551: Buwanoe e 
2552; Jupiter, C 5531 ; Pease Cre«k. C 351)4 ; Euatis, N 213. 

1535. Panicnin ag;rostoldeH, Spreog. Duval oouat;, C 557G; Palm Beac 

H2K7. 

1536. Pauicum aDeeps, Micbi. TallabBssee. N S&29; Columbia coaiitr, I 

2558; Duval county. C 3579, C bli'; Euatis, H 2559; New River, 1 
2560. 

1537. PaniciiRi pseiidaiiccps, Nasb. . 

1535. Pauifum ntenodes, Griapb. Duval county. N 2S49, C 3S79; Citi-UB 
count?, U 2538: Hernando county, U 233T; New Rtver, B 2539, S510, 
2.)11. 

IS.'jg. Paiilfiiin gyninocnrpuin, Eli. ChattahoochBe, C 583G. 

1540, Pailicillii virgntiiiii, L. Eitxtis, N 17G1: Lnvy county, H 9541. 35iS; 

Harnando county, H 2312. 2513; Big Pioe Key, 8 335; take City, "" 
1197. 

1541. Panlcum aniariiiD, Ell, Indian River, C .3578; Palm Beacb, C 5537^ 

H 2554,3556. 
1D12, PaiifciiRl.iiiiiiciitor)iiii, Pera. Lake City. R811; Euatia, N 1730, 

2553: Cape Canaveral, C 3o!l7". 
151.3. Paiiicuiii aiitiiiiiualc, Bosc Eualii, N 10. H 25IG. 
1511. Panlcum pDrterlaniiiii, Nash. Tallahassee, N 2.139; Jefferson coun^, 

H 2676, 2577 ; Lake City. R 817. 

1515. Panlcum commiitatum, Schullea. Madiaoo county. H S5B3: Lake 

City, R 839. 823, 826, 812, H 2581 ; Euetis, N 210, 1119, 11 2578: Palm 
Beach, U 2.')83. 

1516. Panicum eti it Hate rale, Soribo. Eustis, N IISO. 

1517. Pauicum webberlaimm, Nash. Jeffereon county, H 2602: EusU«, 

781, 376, H 2603, 2607: Palm Beacb, H 2G0C; New River, H B604, 

1518. Panicum erectifblium, Nash. Jefferson county, H 2.')98; E. 

H 2599; Uernacdo county. 11 2.597; Mosquito Inlet, C 3599. 

1519. Pauicuiu nmlacou, Nash. Columbia county, H 3566: Lake City, 

811, 1004, 1030, 1031, 1055; Eustis. N 628. H 2563, 3564; Levy 
H 2565: Duval county, O 5861 ; Miami, P 223. 
1^50. Panicum ciliiferuui, Nash. Madisoncounty. H2567; Columbiaoouo^, 
H 2568: Lake City, B 784, 790, 805. 830, 861, 863, 830, 1006, 1013, 1017, 
1016. 1058, 1035, 1033, 1037. 1039, 1.354. 1147. 1419: Hammock Ridge, B 
1051; Marion county. H 2570; Alachua county, H 25G9; Duval oounty, 
C 5866; EuBtif. N 96, 1518. 

1551. Panlcum auBuatiloliuHi, Ell. Series A (N 301). Lake City. R 808, 

838, 640: Eustis. N 301, 466: Santa Rosa county, C 358.3*; Sumtw 
oounty, C 3600 A. 

Series B (N 12261. Jeffereon county, H 2589, STjgi; Madieon couo^, 
H 2593; Lake City, H 2596: Suwanee county. H 2591: Citrus county, 
H 2590; Euatia, N 1226. H 2588; Hernando county, H 2592. 2595. 

1552. Panicum ensifoHuni, Baldw. Lake City. K 795; Euatis. N 424. 
l.^>3. Pauicum cUiatuui, Ell. Euatie, N 807. 

1554. Panicum clichotomum, L. Eustis. N 337. 

1555. Pauicum lialdwinii, Nutt. Duval county, G 5588; Melbourne, O 

5804; Eustis, N 335. 

1556. Pauicum ncurantlium, Oriseb. Duval county. Calkins, H 3673; 

Eustis, N 1213. 
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15ST. Pftnictun fklbo-niai^lnatuni. Nash. Eustia. N 925. 

1^8. Piiiiicuiu leiicutlirix, Nash. De Fuoiak, C 5913: JeSerHon county, B 
2574; Suwanoe county, H 2573; Lake City. K 1005. 1013, lOU, lOGO, H 
2572: Duval county, Calkins; Euatia, N 167, 33j. i:j38, 2075, H 2G01: 
Hernando county, H 2575; Kiesimmee, R T91 : New Ri»er, H 2600. 

1^9. Paulctiiii bnrbiilatuni, Michi. TallabsBsee, N3522; Jefferson county, 
H 2583; Duval county, H 2571; Lake City. R 980, 

1560. Paiik'uni luxilliirum. Lam. Lake City. N SloG, R S27, 832, U 2581, 

2585; Eustia, N 239, H 2586; Jupiter, C 5537; Hernando county, H 
2587. 

1561. Paiiiciiiii siLaenicoIum, Naah. Lake ClLy, N 2500, B 761; Argyle. C 

6103. 

1562. Pniiivniii divarioatiini, L. Indian River, C 358S; Palm Beach, C 

55:)0, H 2.117; Miami, R 935; Key Largo. P 157. 

1563. Paiiiftini fru8-i;alli, L. Lake City, R 804, 1031, 1036; Duval county, 

H 2572; Palm Beach, H 2561, 2562; , 8 43. 

1564. Pnnk-Uiii bii>|ii<liim, Forst. Lake City, H 2550; Morion, H 2548; 

Citrus county, H 2519. 

1565. Paiik-iiiii coloDiini, L. Chattahoochee, C 5909; Tallahassee. N 3337; 

Key West, Calkins. 
X566. Panicnin gibliiiiii. Ell. Madison county. H £5.33; Lake City, R 1C@8 ; 
Euatie, N 1024. H 2.534; Palm Beach, H 2.->;i5, 2536. 

1567. Pauicuiii H|>. (Naah 375). Lake City, R 809, 803, 929, 1015. 1020, 1042, 

1059, 1038, 1193; Eustis, N 375. 

1568. Sf^taria llliberliin. Jefferson county, H 2.311. 2350; Duval county, H 

2580; Alachua county, R 821, U 2347: Eustia, H 2315: Levy county. 11 
2346; Lake City, R 8f;2, H 2318: Hernando county, H 2319. 
1.'369. Setarln Itulicn, Kunth. Merritt's Island, C 3618. 

1570. Setarln c-orru^ata imrviHora. Lake City, R 7G0, 829; Eustia. N 

1382. 

1571. Sctiiria H«va, Kunth. Duval county, C 5411 ; Eustia, N 568. 

1572. Setaria comigata, Scbultes. Lake City, R 815; Duval county, C 

3816; Levy county, H 2356: Eustis, N 640, H 2352; Palm Beach, H 
2351; Miami, P 253. 

1573. Setarla iiiaeroHpernia, (Scrlb. 4 Merr.) Lake City, R 772; Howe's 

Key, B 203; Key Largo. C .'i'Xe. 

1571. Setaria iiiagna, Griseb. Eustia, N 1279: Palm Beach. C5110. 

1575. CcnchrusecbinattIS, L. Madison county, H 2281; Lake City, R 853, 
1011, 1196, H 2278; E. Fla.. H 2280; Archer. R 816; Duval county, 
C3619; Eustis,H2S79; Upper Melacumbe Key, P 145; ,8(1889). 

157C. CencbniB Iribiiloldcs, L, Uke City, R 852. 1010; Oxford, R 750; 
Eustis, N 361. H 22S2, 2285; Duval county, C 3020, C020; E. Fla.. H 
2286; Palm Beach, H 2283, 2284.2287; Elliott's Key, P 213; Key Largo, 
P1C7. 

1577. Ceiifhnis grapilHnius, Nash. Buwanee county, H 2290: Lake City, 

H 2291; Euatis, H 2288, 2289. 

1578. Cenohriis Im-crtus, Curliaa, River Junction. N2580; Duvalcounty, C 

6019. 

1579. Ceuobrus tnj-ORiiroit|p8, HBK. Caxambos Island, 6: Indian Key, C 

5643. 

1580. ^$lctlulHp1l^llm amerlcaiium, Schmnk. Lake City, H 2377; Duval 

county, 03621; Jupiter Inlet, C 5517; Leeaburg, R 801. 
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15S1. Leer»Ia moiiat]<Ira,SwBTtz. Ke; E«rgo, C3359; Loeisbii'sKp}-, 

1582. LeerNla hexunflra, Swariz. Dav&l county, C 3333; Eustia, N 300, H 

1583. Bj-ttruchloa earolineusls, Beauv. Llord,NS512; Duval county, O 

5742; Euatia, H 2XU. 
IfiSl. Zizaula aqiiatica, L. Marion county, H 2391. 

1585. Uollbuellia riigosa, Nutt. Duval county, C 36SS; Hernando county, 

H 2341 ; Palm Beach. H 2342. 

1586. Rottliuellia rugosa thapiiiHiiH, Hack. EuEtis, N 1074. H 3343. 
l.'>87. RuttbuellJu cjliudrieu, Chapm, Sunanee county. H )!3iO: 
158S. Tripsai-iim ilactyloldes, L. Euatis. N 374; Lake CJty,R8G6, N2S0f] 

Hernando county, H 2384; MEami, P 272. 
1569. Elionuriis tripsacoldes, HBK. Sanrord. N 3271; Caloosa River, O 
3630; New River, H 2315; Coeoanutgrove, C 5472. 

1590. Au<lru|ingan t«uer, Kunth. Lake City, R 980; River Junction, N 

2576 ; McClenny. C 5B78. 

1591. Audropogon seniiberbiKi, Kunlb. Eau Gallle, C 3633; Cocoanut- 

grote, H2256: Cutler, C 5473. 

1592. Andropogtiu elllotlll, C'bapm. DutbI counly, G 3636, 6016, eOT6^ 

EusliB, N 1597. 

1593. Audrupoguit gn olllx, Spreng. Miami, C 540S. 

1594. AndroiiogtJii urg> raviiN, Bcbulua. MadisoD county, H SSSS; Lsk» 

City, R8tie,H 2259; Duval t-ounty, C 3G37, 5799: Euetls, N 489, H 2SST. 

1595. Aiidropogoii luiigilierbiM, Hack. Lake Cily, R 770, S86; Eustis, H 

645, 1191 ; Palm Beach. H 2264 ; New River, H 22e0, 2261, 2262, 2863. 

1596. Audrupogon virgitik-UH, L. Suwanee county, H SSe6; Duvalcoun^^ 

C 3636. 5571, 6054, C(B5, t075; Archer, R 815; Eustia, H ffi65. J 

1597. Audropogou braobjHtacliyim, Cbapm. Eustia, N 1193, H 2S67. ■ 
159K. Aiidrapoguii Huridaiius. Scribn. Euatia, N 1572, H 1^268. 1 
1599. Aiidropogoii tlesdls, Bosc, Palmetto, N 2443. 1 
ICOO. Audropogou itiacroiiriis. Michi. Duval county, C 3638,6077,6078, 

(1079; Palm Beach, H 2269. 

1601. Mcteropugoii aeiiiiiiuatiiN, Trin. Lake City, R 771. 706, 838; Duval 

county, C 3641, 55S3; New River, H 2378. Lowerand lessrobust; leave* 
conspicuouaiy oiliate (or half the distance; no pita along tbe midrib of 

1602. Imperata brazlHeilHis, Trin. Hernando county, H 2335; Key Weat^ 

C ;W26* ; , B. Curtisa Hpecimen aeema to be different. 

1603. EriaitCbiis alopcciiroidPH, £11. Duval county, C 3627. 
1004. Sorghum halapeiiKe, Pers. Jefferson county, H 2357; Lake City, R,' 

810, 1009, 1043; Merritfa laland, C 5724; Eustia, N 1435, H2356; . 
Name Key, P 120 {lirummondii'. 

1605. Sorgliuiii Hecuoduin, Chapm. Duval county, C .3044; New River, 

2358: Tampa, R 1125. 

1606. Pbalnris iiiteruiedia, Boac. Lake City, R 778. 

1607. SporoboluMdomliigeuHis, Kunth. Hernando county, H 2365; Be 

CbieaKey, 03382*; Lon^ Key, C 5444; Sugar Loat Key. P 30. 

1608. SporoboliiB junceiiH, Kunib. Jeffernjn county. H 2372; Madie 

county. H 2371; Alachua county, H 2.X9; Citroa county. H 2.T70; 
Lake City, R 828. 799, 1019. 1032, 1040: Duval county, C 
EuBtis, N 144, H 23G8; Hernando county. H 2367. 

1609. gporuboliis (.'iirtiMsil. Small. I«ke City, R 786, 1(60, R U79, N 2213, 

H2373; Duval county, C ai79*. 
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leiO. Sporo1>»lDS lodlciis, Brown. Lake ClCj, R lOSl, IICO. 1I»1. llSfi. UB9, 
H 237ti; Archer, R 825; E. FU., H 2375; Dural couuly, C 3383, H 
2582; Eustia, N1006; Palm Beach, U 2374. 

IGIL Sporoboliis virlg-iuitiis. KuDth. Hernando eounlj, U 23G6: Tampa. 
N3467; Jupiter Inlet, C55ul: Cape Florida, C 5iT8; Acca Maria Key. 

1613. Spurobollis asper, Kunth. Duval count?, C 5794. 

1613, AtrrostlK »cabrn. Willd. Tallahasaee, C 3386; Eustia, N :tTO, 

16U. A{;rosti!j nlba, L. De Funiak, R 922; Alachua couotjr, U 2251. 

1615. CnlaniagrnKtlx oiirllsHlf, Vasey. Merritt's I., C 3J12, 5729. 

1616. Stipauvciini'coideis, NaBb. Eau Gallie, C 5834; EuatU, N3051. 

1617. Aristkla patiiln, Chapni. Indian riTer, C 3131*; Titusville, N 2296; 

Jupiter, C 5335 ; Hernando countj, H 2273. ' 

1618. Arlistifla Hiiiiplieil'oHa, Cbapn. Walton county, C 3121 *. 

1619. AriHtlda piirpuruMCfiis, Polr. Tampa, N 3121. 

1620. Arlslirtapaliislrls, Vasey. Lake City. R 679, 788, 1052, IIIG; Tampa, 

N 2119. 

1621. Ariwtida vlrfrnta, Trin. Duval countj, C 5801, 51B3. 

1622. Ariwtida strifta, Michs. Madison county, H 2275; Lake City. H 2276; 

Duval county, C 3126; Eustia, N 1620. 1730, H 2276; Palm Beach, II 
2273. 

1623. Aii.stida splciforiiiis. Ell. Lake City. R BG8; Duval county, C 3127; 

Tampa, N211S. 
1S24. ArJstldaMp. Lake City, Rsa'j, H 2271; Eustia, N' 1C32, 1G12. 

1625. Mublcubergia c-apillaris, Kunth. Lake Cjty, R 735, 865, 1019, 1115; 

Duval county, C 3401. 

1626. Miilileuberela trfcliopodea, Chapm. Duval county, C 3102, 5785, N 

2.133, 

1637. Pbleiim prateiise, L. Alachua county, H 2338; New River, II 2625, 

escaped. 
1623. Daiithotifa serlcea, Nutt. Chattahoochee. C 5876. 

1629. Spartliia jiiutea, Willd. Euatia, H S359, 2360; Hernando county, H 

2362; Duval county. H2C31; Paltnelto, N 2430; Palm Beach, H 2361; 
, Buckley. 

1630. Sparlina Jiinciforniis, Eogelm. ,!t Gray. Hernando county, H 23G3; 

Key West, S. 

1631. Spartina poljstarliya, Willd. Duval county. C 5518. 

1632. Spartiiia Ktrioja, Roth. Duval county, C 5577; E. Fla., H 2364; Pal- 

metto, N 2137. 
16.33. Gytnnopu^oa racpinosiiH, Beauv. Duval county, 03111; New River, 

II2.'B3. 
1631. Chtorls petraea, Bivartz. Suwanse county, H2205; Levy county, H 

2294; EoBtU, N 217; E. Fla., H 2292; Hernando county, U 2293; El- 

lio-.faKey. V 2l3a. 

1635. Cblorin glauca. Vasoy. Duval county, C 3114; Eustia. 11 2139; San- 

ford. R 843; Hernando county, H 2296; Palm Beach, H 2297, 2298. 

1636. ChlorU iietflec-ta. Nash, Duval county. C 3145; Alachua county, H 

2300; Euatia. N 2119, 2299; Sugar Loaf Key. P 69. 
1617. CbloriN dorldana, Vasey. Lake CHty, N 2198, H 2301; Duval county, 
C6129. 

1638. CblorJH polydartyla, Swartz. Key Largo, P 152. 

163J. Cjnodon Uactylon. Pera. Suwanee county, H 2303; Lake City. R 774: 
II 2305; Duval county. C 5691. 5TT6; Indian River, C 3446; E. ria., H 
3806; Euatii, U 2307; Palm Beach, II %»*. 
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1610. Var. ninritiiiiii!!, Nees. lodian River, C3416 input; EanOftUiSi 

C5712i Pine Island, S301. 
1641. Ctetthim uiiiericauutn, Spreng. De Funiak, R 183: JelTeraon couotj, 

U23U2'. LakeCit;. R 1192; Dural cogut;. C 3MT; Euetia, N S066. . 
1613. Cteniiiiu chitpadeiisiH, Trin. Lake City, N 2213. J 

1643. Eleildiue legyptiara, Pera. Lake CitJ. R 773, 797, KT. S79, laSlfl 

Duval county. C Mil: Eustis, N 1047. 1 

1641. Elcusiiie iudk-a, Gaertn. Jpfferson roucty. H 2313; Luke City, R 854, 

1023. 1021, 1183, H 2r)14; E. Fla.. H 2.'}L2; Eustis, H 2310; Palm Beach, 

H2311. 
164.'). Leptocblon niiicroiintn, Kuoth. Chntlahoochee, C 0998. 
1646. AIouautliooliltie'littorHliH. EnKelm. Boca Chjca Key, C 3616, 5433; 

Key West. C 5619. 
1G47. Dlplnoliiiv fuscicularis. Gray. Titusville, N 2306; Uercando conntjr, 

H S.S08. J 

1618. Trioclia ciiprea, Jac<i. Tallahawee, N 2106; Ornioad, C 5561: N«W| 

River, H 2379 ; Duval county, C 5562a. | 

1619. Trioilia nmbit'iia, Vasey. Duval county, C { 1975 ). 

1650. Triplasis intermedia, Naah. SuwaneBCouDty.H233.3: T»inpa,N2426. 

1651. Trlplattis aiiierU'aiin, Beauv, Lake City. R 765; Duval county. O 

5570; EuBtis. H 2382. 
1G52, Trlplafii;* purpurea. Hack. Madison county. U23SI; Alachua counly, 

H aS80; Duval county, C :M56, 5705- 
1653. Festuca scUtris, Nutt. Madieoa county. H 23.^; Lake Ci^, R 1( 

1003. 1050, HB7. 1148. 869. 793. 
1G51. Eatuuia obtiixnta. Gray. Laks City, R 937. 
16^. Eatimia pciiu.sylvanica. Gray. Lake City, R 7B2. 

1656. Eatuiila niil'oruils. Vaaey. Euelis. N 07. 

1657. Poa cliaptimriii, Sciibn. Lake City. R 777. 
16.'>8. Poa prateiiMt!*, L. Lake City. B 783. 

1659. EragrostiH bi-ownei, Nees. De FunUk, C 51)25; JpfTeraon county, H 

2318; Lake City. R 855, 1185, 1187. H 2316; Uaker county, C 3192*; 
Eustis. N ICll.H 2317; latachatta. C 5073. 

1660. Era(fro8tl8 eotilVrta, Trin. Apalacbicola River. C 3497. 

1661. Erngrostis cfliarfH, Link. Sunanee county. U 2:120; Chattahoocbee, 

C.''.89j; EuBtis, N 1327, H 2.321; Pease Creek, C 34a3; Palm Beach, H 

2319; Upper Metacumbe Key, P 146. 
1062. EraproNtLs plmiiosa. Link. Marion county, U 2322; Lake City,R85^ 

1188, N 2157. 
1663. EragrotitiM pilosa, Beauv. Jefferson county, H 2323; Lake City, If 

2109; Melbourne, C 5585. 
1061. Eragrostis piirxbil, Bchrad. Milton, C59.X: Jefferaon county, H 

Madison county, H 2-3S6; Alachua county, U 3325. 
16®. EragroHtlM luecns, Nees. Tampa, C 3494*. 
1660. Eragrastlii elliottii, Wats. Alachua county, H 2327; Lake City, B 

1051 ; Duval county, C 3500. 5567. 

1667. EragroHtiN pectinacea. Gray. E. Fla., H 2338: Duval county. C 5793. 

1668. EragroHtiit hirsuta. Nash, Tallahasaee. N2521; Duvatcounty, 05572. 

1669. Eragrostis campestPis, Trin, LakeCity,R787; Duvalcounty, C5568; 

Eustis. N 1656. 
1070. Eragrostls reft-acta, Scribn. Suwanee county, H 3330; Citrus county, 
U2329; Lake City, R 997. 
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1673. 
1674. 
1675. 
1676. 



1G78. 
1679. 
1680. 
1681. 



tJnlola Intirmia, Miohi. Chattahoochee, C 593B. 

Vulola ptiiik'iilntn, L. DuvbI county, 3S18; Palm Beach, C 5i01, H 

2385: Lemon City. H ZiSG: Key West, Blodgett. 
Uiitola gravllis, Michx. JefTersoo county, H 2389; Lake City, R 789; 

798. 812, 1027, 1099, 1053, 1017, 1444, H 2390; Euatia, N 1542, H 2388. 
Unioltt lonRifolla, Scribn, Taltahaasee, N 3407; Orinood, C 5563, 

Euatia, N 149S; CitfuB county, H 23S7. 
Uninla nltida, Baldw. Lake City, R 813, 102)!; Duval county, C 35S1, 

R 1015, 1443. 
PtirngiiilteB comniunifi, Trin. Palm Beach, U 23.S9. 
Di!«tii-lill8 marltima, Ra(. Duval county, C 3476, 5187; Hernando 

county, H 2309. 
Loliuiii pcrenne, L. Lake City, 1048, 11S9, 734, 830, probably escaped. 
Horfleiiiii prat«nae, Huda. Lake City, R 781. 
K1}'IRUI4 virgiiilt^IlM, L. DutbI county, C 5586. 
Ariindluaria luacroaperniii, Micbx. 
, Aruuiliuaria tecta, Mubl. Tullahaaaee, N 2528: Jefferson couoty, H 

2623. 

COniFKRAE. 

, Piiius rlautta, Vasey. Apalacbicola, C S655*; Tallahassee, R 478; 

Euatie, N 2IU, R 179; Jupiter Inlet, C 655S; Jenaen, R 947. 
, PfniiH glabra, Walt. Chattahoochee, C 2656; Lake City, B 705, H 

215S. 
Piiiiis crfainatiis. Mill. Chattahoochee, C 2658; Lake City, N 22.38; 

Hernando county, H 2449: Palm Beach, H 2450. 
, PinuB rigrliln. Mill. Jefferson county. H 2151. 
, PiniiH serotiua, Michx. Euatis, N 1.S97. U 2454, 2156, 
, Plniis taeda. L. JetTerson county, H 2452; Lake City, R 665, 931, N 

2235, H 245.3. 2457. 2458. 
Plniislieleroiitijlla, Sudw. Lake City, E 705; Duval county. C2651o; 

E. Fla., H 2455: Euatis, N 1517; Sugar Loaf Key. P 63; , Swingle. 

. Plims palustrfs. Mill. Lake City, R ISO, H 2458; Duval county, C 

2650: EuBtis. N 408. 
, Jitnlpenis virgiiiiaiin, L. Buwanee coviiily, H 2446; Archer, R 481; 

Hernando county, H 2117; Clearwater, R 700; Palmetto, N 2451; 

Manatee, S 95. 
. ClinniaecypaHs spbaeroiden, Spach. Eustia, H 2148. 
. Tuxodiiim diMtichiim, Rich. Jefferson county, H 2414; Suwaoee 

county, H 2443: Lake City, R 704, H 2141: Duval county, C 5788, 

5828; Eufllia, N 716, H 2139, 2410; New River, H 2442, 2445, 
, Taxiia dorldana, Nutt. Aspalaga, C 2674. 
, Torre) a taxlfolia, Arn. Chattahoochee, N 2381, C 2075. 



1686. Kainia tntegrH'olia, Jacq. Alachua county, H 2392 (I observed tbia 
first about ten miles north of Archer); .\rcher, R 702, 497; D&ytcna, 
2676; Cocoaoutgrove, H 2393. 

riucKB. 

1697. AcroHttohuni aiirenm, L. Indian River, C 3660; Hernando county, 

H 2100; Palm Beach, W 242, H 2399: Arch Creek, t: 5463; Miami, B 
846. 

1698. Polypodllini pliimiila, Willd. Sevfell's Point, C 5S61. 
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1699. PolyptHliiim fucaniim. Bw. Columbia count;, H 2436; Lake ( 

R 747; Citrus county, H 2437; Istachatta, C 5U72; Euftia, N 876, B 
2*33: PalmBeacb. 11243.); Miami, P 270; P&sco oouuty, B 3031. 

1700. Polj'ixtiliiiiii pliyllitUlU, L. ladian River Narrows. C aOGH: Palm 

Beach, C 5402; New River, W 290; Lemon CJt;, H S133, 2431; Saj.. 
Largo, P 204. 

1701. Polypodiiiiu niirciim, L. Daytoaa, R 836; Jupiter lolet, C H 

Eustis, N IJOO; Palmetto, R To4, 75j; Halifai River, f: .3GG9, 

1702. Tittaria HiieaUi, R. Br. Eustia, N 1503. H 2397; Jupiter Inlet. ' 

5551; Lemon Citj, H 2398: Miami, P 233; Ualifai Kiver, C 3710; 
Clearwater, R 8.15. 

1703. PtiTiH LuigilWlia. L. Biscajne Bay. C 3703, o490; Miami, P 37^; 

Cocaanulgrove, H 2120; Sugar Loaf Key, P 64. 
1701. Pteris (.-rctlcH, L. Aapalaga, C 37(6; Columbia county, II 2114; j 

tach&tta, CQ9G7. 
1T05. PtcriH atiiitliiin, L. Jefferson county, H 2417; Lake City, H 2416^ 

Duval county. U 2533; Eustis, N 638. I! 2119; Polk county, R 751; 

Palm Beach, U 2418; var. tikurtnta. Cape S<ible, C3705*; Sugar Loaf 

Key, P 43. 
170C, Adiaututii teneruDi, 8w. Istaohatta, C 59GI ; HerDando o 

3709*. 

1707. AdIniiCiiiu caplUus-veuerls, L. Aspalags, O 3709; Columbia county 

U2432. 

1708. Cera tup tcri.v tbalictrnfiles, BroDgn. letacbatta, C 5973; bead waters 

of St. John's River, 3690*. 

1709. Blecliiium Herriilatnm, Michi. Lake City, R 1272; Eust'is, N SSt, 

H 23i)o, 239G; Wiotsr Park, R 12G1; Winter Haven, R 715; M^quito 
Lagoon, C 3711 ; Palm Beach, C 13397, II 2384: Jensen, C. 
ITIO. Woodwardta atigiiHtifolla. Smith, JefrersoQ county, U 2430; L^ke 
City, R 756, 998, 999, H 2431; Archer, K 1204 in part; MeClenny, C _ 
6977 ; £u9tia, N 1636. 

1711. Woodwsrdia vlr^lDiva, Willd. Jefferson county, H 24S8; Madia 

county, H 2427: Lake City, R 753, 1198; Eustia, N G5S, H 2129; I 
county, R 752, 1371. 

1712. Aapleiiium dentatiiiii, L. Biscayne Bay, C 3723; Palm Beach, ]| 

2414; Arch Creek. C 5161. 

1713. Aapleufiini ebeiieum. Ait. Jefferson county, H 2408; Colut 

county, H 2410: Lake City, R 746, 997, 1098, 1102. 1109, H S 
Archer, R 1204; Eustis, N 977, H 3411. 

1714. AHpleulitm parviiliiii), M. & G. Aspalaga, C 3720*; Istaohatta, ( 

596G; Columbia county. H 2412, 

1716. ABpleuilltU tiriuuin, Kunze. Lake Taala Apopka, C 3723*; Istachstt 

C5962. 
1716 Aspleniittii myriophylliim, Fresl. Lake Taala Apopka, C 3728; 
tachatta, C 5963; Columbia county, H 2413. 

1717. Anpleniiim lelix-ffleniiiin, Bernh. Lake City, R 749, lOOO, N£ 
171B. Aspldtum theljptcHs, Sw. Suwanea county, H 2406; ColumU 

oounty, H 2407; Eustia, H 240.1. 

1719. A)tpldhini patCDB, Sw. Lake City, R 748, H 2401; Eustis, N 861 ; NW( 

River, H 2403. 

1720. AMpldllliit iiiiUiiiii, var. Blabriini, Met. Euatta, N 103», 

1721. Aapidliiiu floiidnniiiti, Eaton. Lake City. R 744; Euatia, N 773. 
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1729. ABptdlnm aero Hticlto Ides, Sv. River Juaction, N S38T. 

17S3. AHpidlititi tril'oliacum, Str. LBkeTaalaApopka,C3T52*: latachatta, 

C50G4. 
nu. Nepbrolepis exultata, Schott. Euatie.N 1S8B; Indian River, C 3760; 

Clearwater, R 750, 83i; Palm Beach. W 218, H 2102: Arch Creek. C 

5460. 
1725, Plie^opteriN reptaiix, Eaton. latacbatta, C 5965, 
1728. Aiielnia acUautilulia, Sw. Bisca^ce Ba;, C 3770: Lemon City, H 

2401; No Name Key, P 112, 55ia. 
1727. OHnitinda regaUa, L, Jetferaon county, H 3423: Lake City. R 743. 

1097. 1202, H 2426; Palm Beach. H 2424; Lemon Citj-, H 2425; Pasco 

county, B 2095. 
1723. Osmunda cfiinaiiiuiuea, L, Jefferaoo county, H 2122: Lake City. R 

757, 1001, 1096, 1105, 1110, 1200, 1201, H 2421; Euatis, N 274. 

AtiaitiottH to fart I. 
Namea in Ixi Id faced type are additional species; others are additional localities, 

or spec [men 8, 
CLEMATIS BALDWINII, T. * G. Sao Antonio. B 2701, 
CLEMATIS RETICULATA, Walt. Johnaon, B 2135, 
CLEMATIS CRISPA, L. C, May 22 (18»J). 
Kanuiii'iiliis parvltlortiH, L, River JudcUod. C 6100, 
ILLICIUM FLORIDANUM, Ellia, Walton county, C 637S. 
MAGNOLIA GRANDIFLORA, L, Manatee, 8 42, 

ASIMINA PARVIFLORA.Dunal. Duval county, H 2591; Maoatee, 8 L 
A8IMINA GRANDIFLOR.A, Dunal. Duval county, C 6.358, H 2585, 
ASIMINA OBOVATA, Nash. Jessaniine, B 2524, 
A81MLVA CL'NEATA, Shuttlw, Eau Gallie, C, March 21 (laitO]; Chipco, B 

2515; Manatee, B 16. 
ANONA LAURIFOLIA. Donal, Arch Creek. C, July 8 11896), 
COCCULUS CAR0LINU8. DC, Chattahoochee. C, July 13 1 1897). 
NUPHAR SAGITTiEFOLIUM, Purah. Milton. C 6409. 
SARRACENIA PSITTACINA, Michj. Walton county. C 638*. 
ARGEMONE MEXICANA, L. Tampa, B 2231, 
Arabia ludovlcianu, Meyer. Chattahoochee, C, May 4 (1898), 
SlHyinbrliini t-aiieHceiDi, Nutt. Jesaamioe. B 2636. 
LEPIDIUM VIRGINICUM, L, Duval county, H 2586. 
SENEBIERA PINNATIFIDA, DC. St, Auguatine, 6364. 
HELIANTHEMUM C0RVMB08UM, Michx. Duval county, C 4604, H 2587; 

Blanton. B 2652. 
HELIANTHEMUM GEORGIANUM. Chapm. River Junction, C 0302, 
LECHEA TENUIFOLIA. Michi. Duval county, C 5026, 
LECHEA PATULA, Leggett. JeseaminB. B 2626. 
Viola vtvliiallH, Greene, Jesaamine, B 2647. 
VIOLA INSIGNIS. Pollard. Chipco. B 2503, 
VIOLA PRIMUL^FOLIA, L. Chipoo. B £>oa. • 
8ILENE ANTIRRHINA, L, Jeaaamioe, B 2672. 
ARENARIA CAROLINIANA, Walt. Walton county. C 6380, 
STIPULICIDA 8ETACEA. Michi. Johnson. B 2125. 
Sagliia decuiiib(Mi8, T. A. G. Duval county, C 635:). 
MOLLUGO VERTICILLATA, L. Duval county. C 4688. 
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PORTULACA PILOSA. L, Duval county. H 2589. 

ASCYRUM HiTEElCOIDES. L. Manatee, S 93. 

ASCVRUM AMPLEXICAULE. Michi. JesBamine, B 26T7, 

HYPERICUM FASCICULATUM. Lam, Johnson, B 2056. 

HYPERICUM GALIOIDES, Lam. Ponce de Leon. C G483. 

HYPERICUM OPACUM, T. A G. Uke Butler, B 2745. 

HYPERICUM MUTILUM. L. JeflBsmine, B 2551. 

HYPERICUM GY'MNANTHUM, R. & G, Duval couBty. H 2590. 

GORDONIA LASIANTHA. L. Duval county, C 48M; Manatee, 8 50. 

MaUastriiiii triciiHpidiLliitu, Gray. St. Augustine, C lUSl. 

BIDA ACUTA, Burm. Alachua county, B 2035. ^^ 

SIDA RUBRAMARGINATA, Nash. St. Auguatine, C 6423; Duval county, 

H2592. 
ABUTILON PEDUNCULARE. HBK. Key West, C, April (ISftl). 
MELOCHIA CGRCHIFOLIA, L. Duval county, C ffiill. 

Kostelelzkya virtrtuica, Preal. Duval county, H .'>591. ^^| 

TRIBULUS MAXIMUS. L. St. Augustine, C i3134. ^H 

OXALIS CORNICULATA, L., var. dillbmi. Trel. Jessamine, B 2650. ^H 
0XAL18 FILIPES, Small. Duval county, B 2009, H 2583. ^" 

PTELEA TRIFOLIATA, L. Jeasamine, B 2C61; Duval county, C 4689. 
XANTHOXYLUM CLAVA-HERCULE8, L. Duval county, H 2594; Manatne. 

SIO. 
RHUS COPALLINA, L. Manatee, S :)l. 
ILEX OPACA, Ait. Duval county. C 1744, &353, H 2.^.96, 
ILEX CASSINE, L. Manatee. S. 27. 
ILEX AMBIGUA, Chapm. Jeaoamine. B 2671. 
ILEX GLABRA, Gray. Sutherland, B 27G0: Manatee,820 
ILEX CORIACEA. Chapm. JeBaamiue. B 2513. 
Ilex (lecidua, Walt. Chattahoochee, C <]:{41. 
CLIFTONIA NITIDA, Gserto. De Funiak, C 6.381. 
XIMENIA AMERICANA, L. Manatee, S 66. 
EUOXYMUS AMERICASUS. L, Jessamine, B 2665. 
BERCHEMIA VOLUBILIS. DC. Manatee, S 21. 
BAGERETIA MICHAUXII, Brongo. Manatee, S 19. 
CEANOTHUS AMERICANUS. var. inter.msdii,-8, Trel. Johnson, B20 
CEANOTHUS MICROPHYLLUS, Mlchx. JeBeamine, B 2C91. 
VITI8 ROTUNDIFOLIA, Mich». Manatee, S 35. 

VITIS MUNSONIANA, Simp. Duval county, H 2.5^; Manatee, S 31. 
V1TI8 .ESTIVALIS. Michi. Manatee. S 37. 
VITIS CARIB.EA. DC. Duval county, C 6415. 
CISSUS 8TAN8, Pera. Manatee, S 36. 
.CSCULU9 PAVIA, L. River Junction, C 6367. 
POLYGALA GRANDIFLORA, Walt. Palm Beach, C May ( 1896), var. amo j 

TiFOUA. T. A G. Sutherland, B 2743. 
POLYGALA BOYKINII. Nutt. Ybor.City, B 2207. 
POLYGALA INCARNATA, L. Sutherland, B 2732; Seaside, B 2764. 
POLYGALA LEPTOSTACHYS, Shuttl. Duval county, C 4887. 
POLYGALA SETACEA, Miohi. Ozona, B 2733. 
POLYGALA NANA, DC. Sutherland, B 2765. 
POLYGALA LUTEA, L. Johnson, B 2152. 
POLYGALA RUGELH, Shottl. Sutherland. B 2728. 
POLYGALA CYMOBA, Walt. Pasco, B 2707. 
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POLYGALA RAMOSA. Ell. Ctoes Bayou, B 2772, 

POLYGALA BALDWINII. Nutt. Cross Bayou, B 2775. 

Polygala brevifolla, Nutt. DeFuoiali, C, June 25 (1897). 

Polygala liookeri, T &, G. Ar^le, C 6485. 

CROTALARIA OVALIS, Purah. JesBamine. B 2689^^. 

CROTALARIA PURSHII, DC, Sutherlnnd, B 2725. 

LUPINUB DIFFUSUS, Nutt. JesBamine, B 2523. 

niedlca^o ininiiiia, L. Aaastatia, 0, April 17 (1S9<J). 

TRIFOLIUM REPENS, L. Duval couoty, H 2601. 

TRIFOLIUM CAROLINIANUM, Michx. Chattahoochee, C 6377. 

PSORALEA C.\>fESCENS. Michi. Alachua county, B 2ftJ2, 

PSORALE.\ LUPINELLUS, Michi. Johnson. B 207S. 

AMORPHA FRUTICOSA. L. Duval county, C 6110, H 2598. 

WiaT.\EIA FRUTESCEN8. DC. Duval county, C 1018. 

TEPHROSIA SPICATA, T. * G. Duval county, C 6118. 

Tephrosla iutermedia. Small. Duval county, C 1825. 

HESBANIA MICROCARPA, Muhl, Duval couoty, H 3600. 

ASTRAGALUS 0BC0RDATU8, Ell. JeaBamine, B 2637. 

ASTRAGALUS VILLOSUS, Michx. Duval county, C, March 17 (1894;- 

VICIA AOUTIFOLIA, Ell. Ybor City. B 2208. 

,«SCHYNOMENE HI8P1DA, Willd. Duval couaty, H 2697. 

.ESCHYNOMENE VISCIDULA, Michx. Sutherland, B 2762. 

ZORNIA TETRAPHVLLA. Micbx. Sutherland, B 2701. 

STYLOSANTHES ELATIOR, 8w. Duval county, 6418: Sutherland, B2T80; 

Johnson, B 2011. 
DeHiuodiiim rotiiuUifoHiiiii, DC. River Junction, C, September 9 (1897). 
Desinodiiim llneatuui, DC. Duval county. C 5255. 
DeHiiiodiuni rigiduiii, DC. Johnson, 6 2175. 
DESMODIUM TRIFLORUM, DC. Aiaohua county, B 2045. 
RHVNCHOSIA MINIMA, DC. Duval county, C 5600. 
RHYNCHOSIA MENIBPERMGIDES, DC. Sutherland, B 2726. 
ERYTHRINA HERBACEA, L. Manatee, S 46. 
OENTROSEMA VlRGiNIANA, Benth. Duval county, C 5172; Johnson, B 

2177. 
GALACTIA ERECTA, Vail. Argyle. C 6487. 
GALACTIA MOLLIS, Micbx. Duval county, C. June 12 (1896). 
GALACTIA ELLIOTTII, Nutt. Duval county, H 2699. 
ECASTOPHYLLUM BROWNEl, Pers. Manatee, S 35. 

BAPTISIA LANCEOLATA, Ell. De Funiak, C 6379. 

BAPTISIA LECONTEI, T. & G. Jessamine, B 2186. 

BAPTISIA CALYC08A, Canby. Crest View, C 6406. 

BOPHORA TOMENTOSA, L. Palma Sola, S 81. 

CASSIA OCCIDENTALIS, L. Duval county, C 5212. 

KRAMERIA LANCEOLATA. Torr. Keystone Station, B 2783. 

GledltHClila iiiunu)4pernia. Walt. Manatee, S 29, 

PRUNUS SEROTINA, Ehrh. Duval countv, H a»2. 

PRUNUS CAROLINIANA, Ait. Manatee, B 1. 

RUBUS TR1VIALI8, Michx. Duval county, H 2603; Jessamine, B 3530. 

CRAT.EGU8 SPATHULATA, Michx. River Junction, C 6349. 

PYRUS ARBUTIFOLIA. L., var, KRtTHROCARPA, Chapm, Jessamine. B I 

ITEA VIRGINICA, L. Jeaaamine, B 3681. 

HYDRANGEA QUERCIFOLIA, Bartr. Chattahooobee, C 6179. 
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JMKMEBA CAPUXARia. Puw. Uke BntWr. B (TK. 
Dnwcnt flMfonnfo, B*f. Arsyk, C MOt 
UQUlDAMHABnTBACIPLCA. L. Ji^iiac. B KU. 
C01t(tCAUeVBKfaurTA.}mi>q..m.tmMiCKx,DC. MbmIm. B flB, «. 

KUOeyiAGABBEBI.BArr. CJaiylOtlSK,. 

ECOKAIA L/^NGIPKS. Mrtg. No Kmw K^, C, Mar ( IW). 

Ki;(iKMA AXILLARIS. WUId. Tam[M.B9a 

UHKXIA MAHIA.NA. 1^ I>aial ooDDlr. H 3604. 

KKKXIA LANCF/JLATA, Wmlt. Han Aotcnio, B 2797. 

LyTHBUM LINKAKE. L. Dut»1 conotj. H K05. 

PBOBEKFLVACA I'KCTINACEA, L«tt», St. Augostine, C, S«ptemb«i 

' lHUHr, San Antonio, i) 270B. 
UAL'KA ANIJUBTIP-OLIA, Michi. 'Umps, B 2758; Du«l coanlj, C 360! 
tKHOTUKHA 8ISLATA, L. KiTcr Junction. C 6371: Dural county. H i 
JUHBMCA I'KKL'VIANA. L. MMtkloe, 8 54. 
.Iliaalwtt pItOHB, U UK. UutsI county, C ^WS, K>3». 
LUDWKJIA A LTKRNIFOLIA, L. DuysI county. H SOOC. 
LUnWKJIA VIROATA. Mkhx. I)uv»I county. H 2607. 
LUUWIOIA AKCUATA. W»lt. JeaMtnine, B 2552. 
riRiyUKTA CAKOLINIANA, Urb., Tar. ol*bb*, Urb. 

JohnioD, II 3IHD. 
ll>driM'otyli^ Oitnbyl. C, * R. Duval county. C 1961. 
liYDKOCOTYLK UMDELLATA. L. Jeisamine, B254i, 
HYDKOCOTYLK RKPANDA, Pers. Dural county, H 2611. 
HntlU'lllH lloridHiia. Bickn. DutbI county, C G417, 1991; Lake City, 

N' 2214, H 7.10; Madinn county. H 731. 
KKYNOIUM YUOC*yi"ULlUM. Miohi, var. ^vnch-ctcm, Gray. Jupitwf, 

Hpptcmt>nrti<18lir.j. 
KRVNOIUM AKOMATICUM, Bnldw. JeBsaroine, B 2602. 
KKYNdlUM UALDWINII.Si.reng. Y'bor City. B 2306. 
0K;UTA MACULATA, L. DutrI county. H 2612. 
LKfTOUAULIB UlVAKItWTUB, DC. Johnson. B2056: Jessamine, 
lUBCOrLKURA CAPILLACKA. DC. Duval county. H 2613. 
ANDKLICA DENTATA. CUiiui. Chattahoochee, C. JuJy (IS^Tj. 
I'onillH Htrlftll, liani. Manutfo.S IT: Duval county, C 4708: Chattahoochee, 

Ctl3l)U; KuHtia. 1! 7:tS, 
BAMUIH"U8 CANADt^SlS. L. Manatee, 8 V'. 
Vlltiiriiiiiii <■»»»! II wlilVH, I.. DuvbI county, C 4oJ6, 
VIBURNUM NUDUM, L. Jeewruine. B 2528. ffiS9. 
V1UURNU.M OBOVATUM, Wall. Duval county. C (5398; Manatee, 8 6. 
LONlUEKA 8EMPEHVIREN8, Ait. River Junction, C 6375. 
OLDKNLANDIA «LOMta*ATA. Michi. Sutherland, B 3731. 
IIAMELIA I'ATliNS, Jac>|. Manatee, S 4S. 
CKrHAL.\NTHUS OCflDENTALIS, L. Duval county, H 2615; tlmami 

8 3U. 
lU'KrrAKDA KLLllTICA.Sw. Key Largo. C, July 86 (18861. 
MITOIIKLLA KKl'KNS. L. Dural county, C 4055. 
KICUAKDIA 3CABR.\. U Sutherland. B 9T50, 

8tM<ruuu-w,>f purturlv«iu>la. Balbia. Key West. C lUl. I No. CSS of 
l>IOl>lA UIKSLTA. Puf«h. 81. Au«UBline. C G123. 
UIUIUA TKHIOi. Walt Duval ceunty. U S6U. 
UAUUM PlIiOSUM. Ait., m. rcscrtcvtoavx. Gray. Duval counly. C 600. 



i 




BIOLOGY. 



101 



I 
I 



I 



EUPATOBIUM ROTUNDIFOLIUM, L, St. AuguBtioe. C 6*28, 

EL'PATORIUM AROMATICUM. L. Duval county, C 6432; Jesaamine, B 2012. 

UHRY80PSIS GRAMINIFOLIA, Ell. Jeasamiae, B 2610. 

CHRVSOPSIB 8CABRELLA, T. A G. Jessamiae, B 2609. 

CHRYSOPSrs TRICHOPHYLLA, Nutt. Butherlaod, B 2711. 

CHRYSOPSIS G083YPINA, Null. Jeesamine, B 3629. 

A|iloi)»ppiii4 rubiirluuHiis, T. A G., var. phylloveplialtis. Gray. Palmetto, 

N2432: Peasacoia. C 6194. I No. 586 of part I.) 
BIGELOVIA NUD,\TA, DC. Hillsboro county, B 2774. 
SOLIDAGO BOOTTII, Hook. Duval county, C 6537. 
Ast«r squarroxiig, Walt, DutbI oouoty, C 5352. 
Astvr ilivark'ntiiH, T. & G., var. grauiiDifolhii*, Baker. Feosacola, O 

6487. 
Aster illlfusiiH, Ait. Duval county, C, November ( 18941. 
ASTER CAROLINIANUS, Walt. Manatee. S 94. 
ASTER CONCOLOR, L. Duval county, C G434. 
ASTER EETICULATUB. Pursh. JeBeamine, B 2080. 
ERIGERON NUDICAULIS, Michi. Chipto, B 2C55. 
EriKeron boiiarienHlH, L. Peoaacola, C 6499. 
BACCHARIS HALIMIFOLIA, L. Maoalee, 8. 9ti, 
BACCHARIS ANGUSTIFOLIA. Michs. Maoatee, 8 63. 
GNAPHALIUM PURPUREUM, L. Duval county, C 4615; Jessamine. B 2638. 

Narrow-leaved form, Jessamine, B 26.39. 
ACANTH08PERMUM HUMILE. DC. Pensacola, C 6501. 
ACANTHOSPERMUM XANTHiOIDES, DC. Alachua county, B 2044. 
IVA FRUTE8CENS, L. St. Augustine, C 6457. 
AMBROSIA ARTEMI8LEF0L[A,L. Duval county, H 2616. 
ECLIPTA ALBA, Hook. Duval county, H 2618; Tampa, B 219*. 
PaHcaUa glaiioa, Orteg. Peueacola, C 6192. 
VERBESINA VIRGINICA. L. Duval county, C 654*. 
COREOPSIS LEAVENWORTHII, T. A G. Paaco county, B 271G. 
CoreopnlH coroiiata. Hook. St. Augustine, C 6362. 

COREOPSIS LANCEOLATA, L., var. villoha, Michi. River JuDCl., C 6390. 
BALDWINIA MULTIFLORA. Nutt. JeMamine, B 2008. 
PALAFOXIA FEAYI.Gray. Melbourne, C, July(lS90); Braidentown. 8 61. 
HELENIUM VERNALE, Walt. Paaco county, B 2711. 
Heleniiiiti brevifoliiini. Gray. Be Fuoiak. C 1383. 
HELENIUM NUTTALLII, Gray. De Funiak, C «382. 
FLAVERIA REPANDA, Lag. Penaacola. C 6495. I No. Hft") of part I.) 
BENECIO LOB.ATUS, Pers. River Junction, C 6.370. 
CAOALIA FLORIDANA, Gray. Duval county, C 6416; Tampa. H 2198. 
CNICUe NUTTALLII. Gray. Duval county, H 2<il7. 
A|tugoii liumiliH, Ell. Chattahoochee, C 6395. 

Kriffla dandelion, Nutt. JessamiQe. B 2640. ^H 

HIERACEUM GRONOVII. L. Duval L-ounty, C 6430. ^H 

LACTUCA GRAMINIFOLIA, Micbx. Duval county, H 2617. ^^ 

Prenanthes vlrgnta, Michi. Duval county, C 5324. 
8pecu1arla bltlora. Gray. River Junction, C 6372. 
LOBELIA CLIFFORTIANA, L., var. salai'knbis. Gray. JeBsamine, B 2536; 

8t. Auguitine, C6363. 
LOBELIA FEAY.^NA, Gray. Hillsboro county. B 2753. 
8PECULARIA PERFOLIATA, A. DC. Jeesamine, B 2642, 2649. 
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GAYLU8SACIA FRONDOSA, T. A G. Duval couoty, C 6350. 
VACCINIUM ARBOREUM. Miohi. Jesramiiie, B %60: Manstm. S 63. 
VACCINIUM STAMINEUM. L. JeasamJne, B 251C. 
VACCINIUM MVR8INITES, Michx. Dusral county, C 5827; Manatee. 87; 

PoBco county. B 2514. 
VACCINIUM CORVMBOeUM, L.. var. fuscatum, Gray. Manatee, S 8. 
ANDROMEDA NITIDA. Bartr. Manatee, 8 S, 
ANDROMEDA FERRUGINEA, Walt. Jeesamine, B 3540. 
ANDROMEDA FRUTICOSA. Manatee, S 31. 
AZALEA NUDIFLORA. L. Chattahoochee. C 6373. 
BEJARIA RACEMOSA. Vent. Manatee. 8 11. 
SAMOLUS FLORIBUNDUB, HBK. Hillsboro county. B 2209. 
«AM0LU8 EBRACTEATU8, HBK, Hilleboro county. B 2724, 
MYR8INE RAPANEA. R. A- S. Manatee, 8 73. 
ARDISIA PICKERINGII, T, A G. Manatee, 8 71. 
BUMELIA TENAX. Willd. Manatee, 8 44. 

BUMELIALVCIOIDES, Giertn., var, rbclinat.*, Gray, Manatee. 
DIOSPYROS VIRGINIANA, L. Manatee, S 30. 
Styrax Kranrtffolia, Ait. Duval county. C 6516. 
Styra\ aniericnna. Lam. De Funiak. April 29 (1898). 
STYRAX PULX'ERULENTA, Michi. Dural county, C 6357. 
FRAXINU8 EPIPTERA, Michi. Duval county, C 4536. 
FRAXINUS CUBENSIS, GriHeb. Manatee. 8 18, 
■CHIONANTHUS VIRGINICA, L. Manatee. S 43: Jeesamine. B 2519: Ctert 

View.C, May 11 (1898). 
ORinantliiis Doridaniis Cbapoi, Manatee, 8 9. 
ANANTHERIX CONNIVENS, Gray. Apalachicola, C June 12 (18971 
ABCLEPIODORA VIRIDIS, Gray. Rivfr Junction, 6389, 
A8CLEPIAS PAUPERCULA, Michx. Paeco county, B 2782, 
ASCLEPIA8 OBTUSIFOLIA. Michx, Jessamine. B 2686. 
A8CLEPIAS AMPLEXICAULIS, Michx. Jessamine. B 2iiSj, 2557. 
A8CLEPIAS VERTICILLATA, L, Alachua county. B 2040, 
ASOLEPIAS ANGUSTIFOLIA, Ell. Duval county, C 4724, 
A8CLEPIA8 FEAYI, Gray. Pasco county, B 2717. 
Acerate!4 long-llblla. Ell. Lake City, R 729, [ No. 810 of part I.) 
VINCETOXICUM 8COPARIUM, Gray. Manatee. S 53. 
■GELSEMIUM 8EMPERVIREN8, Ait. Manatee, 8 5, 5n; Jeaaamine, 
SABBATIA GRACILIS, 8alisb. Duval count}', H 3619; Bonifay. 6461, 
8ABBAT1A GENTIANOIDES, Ell. Argyle. C 0484. 
BARTONIA VERNA, Muhl. Pasco county, B 2301. 
LIMNANTHEMUM TRACHV8PEEMUM, Gray. Jesaamine, B 2659. 
PHLOX FLORIDANA, Benth. JesBamine, B 2C82. 
PHLOX DRUMMONDII, Hook, Duval county, H 2618. 
HBLIOTROPIUM POLYPHYLLUM. Lehm. Hillsboro county, B 2767. 

Var, LEAVENwoRTHii, Gray. New River. C, May (1997|. 
tITH08PRRMUM HIRTUM, Lehm. Crest View, C 6408. 
LITHOSPERMUM TUBEROSUM, Rugel. Chattahoochee, C 6374. 
ONQ8MODIUM VIRGINIANUM. DC, JesBamine. B 2548. 2678, 
Ipomtica liederacea, Jacq., var. lutegriusciila. Gray. Duval cou 

C6589. 
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Ipomcea palmate, Forat. Peoaaoola, C 6196. 

Iponxi'a Jalapa, Pursh. St. John's River, C, Sept. (1897). 

IPOMCEA SAGITTATA, Cav. Duval county, H 2620, 

1P0M(EA SINUATA, Ort. Duval county, C 6538. 

IPOM(EA ACETOSAEFOLIA, R. Br. Duval county. C 6545. 

EVOLVULU8 SERICEUS, 8w. JeBBaminB, B 2689. 

SOLANUM NIGRUM. L., var. villosltm. Mill. Peneaoola, C 6193 

PHYSAL18 AKENICOLA. Kearney. Paaco county. B 2637. 

CAPSICUM FRUTESCENS, L. Tampa Bay, 8 86. 

LYCIUM CAROLINIANUM. Miohs. Duval county, C 6543. 

DATURA TATULA, L. Hillaboro county, B 27X. 

Nicotiaua lungiHora, Cav. Penaacola, O 6191. 

PENTSTEMON PUBESCENS, Sol. Paaco oounty, B 265i; Duval couaty. 

C. May 22(1896). 
HERPESTIS N1GRE8CENS, Benth. Hillaboro county, B 2757. 
HERPESTia AMPLEXICAULle, Purah. Rockledge, C. August 1 (1896). 
HERPESTIS MONNIERA, HBK. Hillaboro county, B 2722; Duval oounty, 

H2621. 
GBATIOLA SUBULATA. Brtldw. Putnam county, B 2168. 
ILYSANTHES GRANDIFLORA, Benth, Paaco county, B 2J05. 
MICRANTHEMUM ORBICUL.\TUM, Micbx. Duvai couaty, C 65J2a; St. 

AuKuatine, C 6552. 
SCOPARIA DULCI8, L. Hillsboro oounty, B 2217. 
Scoparia tlava, C- A. S. Carabelle, C, June 8 (1897). 
BUCHNERA ELONGATA, Sw. Paaco oounty, B 2699. 
Scbwalbea americana, L. Duval county, C 4722. 
UTRICULARIA INFLATA, Walt. Hillsboro county, B 2731; Duval county, 

C4561. 
UTRICULARIA OLIGOSPERMA, St. Ilil. Hillaboro county, B 2771. 
UTRICULARIA MACRORHIZA, Barnh. Pasco county. B 2«1. 
UTRICULARIA SUBULATA, L. Paaco county, B 2506. 
UTRICULARIA CORNUTA, Michi. Pasco county, B 2706. 
Pliigiik'iila plaiiit'olia, Chapm. Crest View, C. May 11 (1898). 
PINGUICULA PUMILA, Michi, Pasco county. B 2662. 
PINGUICULA ELATIOR. Michi. Paaco county, B 2510. , 

CALOPH.\NE8 OBLONGIFOLIA. Don. Paaco county. B 2680. 
RUELLIA CILIOSA. Purah. Paaco county, B 2G66; Great View, C 6189. 
Verbena bunarieiiNiH, L. Penaacola, CG190, 
LANTANA INVOLUCRATA, L. Tampa Bay, S 75. 
LANTANA CAMARA. L. Manatee, S 23, 

CALLICARPA AMERICANA. L. Duval county. H 2622; Manatee, S 40, 
AVICENNA NITIDA, Jacq. Manatee, 8 80; Key West, C, May 2 (1896). 
8ATUREIA RIGIDA, Bartr. Paaco oounty, B 2710, 2786. 
MICROMERIA BROWNEI. Bentb. Chattaboochee. C C398. 
SALVIA COCCINEA, L. Putnam county, B 2063. 
MONARDA PUNCTATA, L. Pasco county, B 2616. 
8TACHY8 FLORIDANA, Shuttl. Paaco county. B 2670, 2C72J. 
Plaiitago beteropbylla, Nutt. Chattahoochee, C 6399. 
Plaiitagn major, L. Duval county, C 5011. 
PLANTAGO VIRGINICA. L. Duval county, C 6a''.l. 
MIRABILIS JALAPA, L. Duval oounty, C 6511, 
SIPHONYCHIA AMERICANA, T. A G. Paaco county. B 2605. . 
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Aiiiarantus albiift, L, River JuDctioo, C 64B0. 
AMARANTUS HYBRIDIB. L, Duval TOUoty. C 4983. 
ACSIDA TAMABASCINA, Wood., var. probtrata, U. and B. 

C 2373. 
Telautliera pb.vllox«roides, Moq., var. acutifolfa, Moq. 



9 (If 



7). 



S«raBota Kef, 
Cor&beUSta 



RIVINA HUMILIS, L. Manatee. S 77. 
PHYTOLACCA DECANDRA, L. Duval county, H 262*. 
RL'MEX FLORIDANUS, MeUn. Duval county, H 2627. 
RUMEX HA8TATULUS, Baldw. Duval county, H 2626. 
POLYGONELLA PARVIFOLIA, Miohx. Manatee. S 52. 
POLYGONELLA GRACILIS, MeiBii. Duval county. C r>329; Pasco c 

B2601. 
POLYGONUM HYDROPIPEROlllES, Miehi. Duval county. H 2625. 
POLYGONUM HIRSUTUM. Wait. Duval county. C, August 13 (1996). 
POLYGONUM AVICULARE. L. Apalaohicoia, C, June 11 (1897). 
ERIOGOSUM TOMENTOSUM. Michi. Pascocounty, BB607. 
-ARISTOLOCHLA TOMENTOSA. eims. Chattahoochee, C 6394. 
ARISTOLOCHIA NA8H!I. Kearney. Duva! county. C 4901. 
SAURURUS CERNLTJ8, L, Duval county. H 2628: Putnam county. BS 
PERSEA CAROLINENSIS.Nees. Manatee. S 32. 
PERSEA PUBESCENS. Sarg. Manatee. S 3.S. 
NECTANDRA WILLDENOVII, Nees. Miami. C. July 12 1 1896). 
EUPHORBIA PILULIFERA. L. Palm Beach, C, May (1896). 
EUPHORBIA ADENOPTERA. Bertol. Miami. C. July (1896). 
Kupborbia prostntta. Ait. St. Augustine, C 6426. 
Eiipborbia brasilienslit. Lam. Miami, C. July 10 (13931. 
.ACALYPHA CAROLINIANA, Walt. St. Aoguatine, C6436. 
Tragrla luac-rocarpa, Willd. Chattalioocbee, C 6478. 
TRAGIA LINEARIPOLIA, Ell. Pasco county, B 2693. 
CROTON M;ARITIMUS, Walt. Manatee. S S.'J. 
CROTON CAPITATUS, Michi. Peaaacola, C 6488. 
CROTON GLANDULOSUS, L. Hillsboro county, B 2197. 
CNIDOSCULUS STIMULOSUB, Gray. Pasco county. B 2668. 
URTICA URENS, L. St. Augustine, C 6365. 
BOEHMERIA CYLINDRICA, Willd,, var. bc*bra, Port. Duval county, B» 
MYRICA CERIFERA, L. Manatee, S 14. 

Var. PtMiLA, 8 3. 

Var. media. Michx. Duval county. C 4591. 
PHORADENDRON FLAVE8CENS. Nutt. Manatee, S 49, 
CARYA PORCINA, Nutt. Duval county. H 26.30. 
QUERCUS PHELLOS. L. Manatee. S 13: Duval county, H 263lJ 
tJuerciiH miniina. Small. Duval county, C 6432. 
QUERCUS CINEREA. Michx. Manatee, S 58. 
QUERCUS .AQUATICA. Walt. Manatee, S 59. G4. 
QUERCUS CATE8B.£A, Michi. Manatee. S 56. Catesbeea X <>>■>* 

Manatee. B 55. 
QUERCUS MYRTIFOLIA, Willd. Manatee, B 28. Myrtifolia X ' 

.Manatee. S 68. 
QUERCUS PUMILA. Walt. Manatee. B 15: Duval county. C 6361. 
QUERCUS PARVIFOLiA, Smalt. Manatee. S 69. 
QUERCUS VIREN8. Ait. St. Augustine. C 6427; Manatee, S 11, 22, 57, tsM 
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CABTANEA PUMILA, Michi, Duval county, C Mil. 

CERATIOLA ERIC0IDE8. Uicbx. Manatee, B 67: Hillaboro county, B a?!*. 
CERATOPHVLLUM DEMERSUM, L. Duval coooty. C 5173. 
APTERA BETACEA, Nutt. Pasco county, B 2621. 
Microstylls florldann, Chapin. Istachatta, C (18»7). 
BLETIA VERECUNDA, Sw. No Name Key, C. April 22 (1896). 
CALOPOGON PARVIFLORUS, Lindl. PaH«» county. B 3526. 
Calopngon iiiultitloriis, Liodi. Eau Gallie, C, Marcb 21 (1806). 
Cyrtopoilliim eorlstHtiini, Feniald. Eau Gallie, C, July < 1886). 
POGONIA 0PH10GL0880IDE8, Nutt. Marion county, B 2033. 
POGONIA DIVARICATA. R. Br. Duval county. C 4729. 
HABENARIA REPENS, Nutt. Eau Gallie, C. July (1896). 
ZEPHVRANTHES TREATI.E. Wats. Duval county, C 6347. 
PANCRATIUM ROTATUM. Ker. Duval county, C 1732. 
HYPOXia JUNCEA, Smith. Pbbco ooQoty, B 2538. 
TILLANDSIA RECURV.ATA, Pursh. Duval county, C 5054. 
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K&neae is centrally located, dividing north from south and east from weat. 
The elevation of the surface varies, rising rapidly westward. The climate also 
varies, from drought a part of the year to drought all of the year. AU these factors 
combine in the production of a varied flora. Vou tvill almost need a new botany 
for the western plains; and many plants of the southern or northern parts of the 
state are not known in the central portion. la all its dilFerent parts Kansas has 
many attractive plants. Some have already been introduced into other localities 
than their "native heath"; but much remains lobe done before their decorative 
possibilities shall have been made known to us. It is not intended here to give 
a list of the wild flowers which are to be improved by cultivation, but those not 
likely to become pests, and whose pretty blossoms or fine foliage will repay your 
trouble. In western Kansas we have some desirable Compositaf. ^»(f rffrnnrfi- 
y/oricf.IhelHrgest-floweredasterof the plains.with brilliant blue or purple flowers, 
has been grown success fully from seed. Two gaillardias— QaiUnrdia piilchella 
and O. Ifiuceolala — are highly recommended. Both gaillardias have flowers of 
good eize, with bright brown centers, and rays — in O. pulchcUa purplish. In 
Q. Uiiicfolata yellow. The townsendias, of which we have two species, and 
Xinnia grandiflora, from the southwest, are also desirable. Beside these, we 
may add Malvaalrum cocciiteiim, the red mallow, which has been recom- 
mended to you by Miss Reed; Mrntzf.Un niida: and the Vucca Jilam'.nlona, 
whose beauty is not spoiled by its common name, soapweed, and which Is often 
seen in Franklin county lawns. The mentzetia has large, creamy flowers, with a 
peculiar fringe of sterile fllaments surrounding the fertile stamens. The plant 
itself is rough and somewhat coarse looking; but when the great creamy buds 
expand, as they do in the Inte afternoon, the plant Is glorified. 

From the south we gel a handsome blossom, the Dodecalheon meadia, 
variously called wild cyclamen Iwhicb it resembles in shape of flower), shooting 
Star, and American cowslip. This plant bears out the description of the botany 
— "very handsome in cultivation." 
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or FrmokliQ couDtf pl&nts with which 1 am most fftmiliar, I faave i 
someirhat exteaded list to choose from. 

I'fulfirin perfoliala (bellwort). A sleDder-stemmed plant, with nodding 
fellow So were. 

Polemonium replana (Greek Talerian). Thia plant has pretty pianste 
leaves. Flowers light blue, bell shaped. 

Trillinm creolum. Plant a foot high. Flowers white, somBtimes greenish, 
pink, or purple. Tbia is, I believe, the oal; trlllium found in Kansas. All mem- 
bere of the family are beautiful and are successfully cultivated in the East. For 
s common name the prettiest is the "wake robin." 

Oeraniurn maculalurn (wild cranesbill). This plant has palmate leaves and 
pale purple flowers. It seems to take very kindly to Kansas soU. 



Mertenaia virijinica (lungwort, bluebell, Virginia cowslip). A very hand- 
some plant, which grows two feet high and has rich, blue-purple flowers. This 
plant grows in Kansas, in Franklin or Miami counties, where it has been inlro- 

Ct/pripeifium pubeanenn (yellow lady slipper |. 

Cypripediiim 'peclnbile (showy lady-slipperi. Flowers pink-purple. Theec 
two plants are terrestrial orchids, whit^h 1 think would grow here, since we have 
the Cypripetlium parviflorum, which florists consider one of the best. 

Atarvm ravaatnae [vtWA ginger). A plant with very beautiful leaves. 
Flowers Btemless and interestiug. 

Of early spring flowers, you will want the dog-tooth violets, Erythronium 
fneaochoreiim of the prairies and hillsides, and Erytliranium albidum of the 
woods; the Dutchman's breeches, Diceiitra cticultaria: the blood root, Saa- 
guinaria eaiiadtnsia; spring beauty, Cloytonia vlrginicu (this, I have been 
t«>ld,make8aDelegant basket plant); all the violets, of which we have Ave species, 
including the wild pansyi the Anemone caroliiiiaiia and its near relation the 
IsiipyTiim biternatum. Golden Corydalia and chervil, Chctrophyllitm pel- 
latum, seem worthy of a place here. 

Sweet-william, P/ilo^ divuricata, and prairie phloi, Phlox pilona, the 
former with its lavender blossoms, which you will find in bloom in the woods by 
May 1, and the tatter the pink phlox of the meadows, a little later in time of 
blooming, will add both color and fragrance to your );ardea. You will make 
room for the larkspur, Del phintum Iricortic. blue, and Delphinium carolinin- 
iiiiin, white, which I put ti^ether here, although the white bee larkspur belongs 
with BuDuner bloomers. 

The wild columbine. AquHegia canadeneifi, with its bells of red and yellow, 
you will give a shady corner. The wild hyacinth, Cumamiia Jraztri, and the 
common while mallow, Callirhoe alcieoidca, will end the list of early spring 
flowers. 

Of late spring and early summer flowers, we have Pfiiatcmoii cobeti, the wild 
foxglove, the most showy of its kind, which is sometimes given in seed cata- 
logues: the evening primroses, yellow and white, ilCiiotlu:r<t iiiiaxourientia, aod 
(Enuthera upecioaa ; the wild petunias, two species, the common Ruellm 
ciliimR of the prairies, and the more rare and more handsome Ruelliu elrepent 
of open woodlands. This last plant has the peculiarity of forming seed in closed 
blossoms, and is therefore but a sby bloomer ; still, the bloseoma are so handaome 
and the plant itself so "good looking" I venture to give it a place upon the ]|aj^ 

The spiderwori, Tradetcantia virginica, no patriot will be without, I 
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haa nd, white and blue forms. These, with the twin dayfion 
are very deairable, reBpocdiog readily to a little oultivatioc. 

The false indigo, Baplisia, of which we have three species, cream color, 
white, and blue, are cosrse and unworthy of cultivation, thougb oftea offered iu 
-catalogues. 

The small-flowered lody-alipper, or moc^casiu flower, l'j/prtpt:divm parvi- 
ftorum, like all of its Iciud, hides away Id unexpected places; and you may con- 
sider yourself moat fortunate if you find any plants. 

AncUpias liibcro»a, the butter fly -weed, with orange-red flowera, and As- 
■clepifii ini-amala, sometimes called the swamp milkweed, with red-purpla 
flowers, will add a bright bit of color. 

The golden ragwort, Senecio aurev», is a fine plant for decoralioa, keeping 
well when cut, and making a good blossom for corsage bouquets for the wearer ol 
yellow. 

St. John's-wort, Jfj/pertcum, of which we have two species, is another attract- 
ive flower; but be careful in cultivating this, lest you encourage a pest. The 
yellow coneflower, Lepaofiya pinnafa, is a flower that I tbick is quite safe, and 
makes a fine growth in moderately rich soil. 

SCMMKR AND FALL KLOWEKS. 

Aeonilum uncinotutn (monkshood). Plant grows about two feet high: baa 
^rk'green palmate leaves and Irregular, pale-blue flowers, which remind one 
etrongly of the monk's hood, from which it takes it name. 
Lonicera ( honeysuckle | shrubs. Several species. 

Asirr iiova-angtkr (New England aster). A stout, shrub-like herb, with 
rather dark-blue flowers. Grows in rich, damp soil. 
Aaler ttericeun. Leaves silky; flowers dark purple. 

The wild red lily, Lilium tuperbutn, is described by its name, a superb lily. 
The sensitive brier or sensitive roee, Schrankia unrimifa, with ita near rela- 
tion, the partridge pea, Camin chamirnriKla, will delight the children with 
their shrinkiog leaves and the peculiar way in which they go to sleep at night. 
It is probably the Si'hraiikiu to which Longfellow referred when be wrote, in 
Evangeline: 

"As at the tramp of a horse's hoof on the turf of the prairies. 
Far In advance are closed the leaves of the shrinking mimosa. 
So, at the boof-beats of fate, with sad forebodings of evil. 
Shrinks and closes the heart ere the stroke of doom has attained it." 

The horsemint, Monarda Ji»tulo»u, grows well In rich soil. 

The jewel weed, or pale touch-me-not, Impntienn pallida, is very desirable ; 
but needs shade and moisture, plenty of both. 

In this divieioQ you will want the meadow rue, of which we have two species, 
7'fialiclruiii piirpitraarfiin and Thaliclriiiii pnlygriini'in. The last named has 
been considered worthy of illustration in "How to Grow Flowers." It grows 
tall, makes fine clumps of foliage, crowned with the mist-like, whitish clusters of 
-delicate flowers. Needs a partially shady situation. The commoner meadow rue 
will grow almost anywhere In the garden, with the other woodland plante, The 
foliage is nice for cutting and adds very much to a cluster of roses. 

Of the late summer and autumn flowers, we have Euphorbia voroUala, 
flowering spurge. All the euphorbias are interesting to a botanist; the family 
is large, some members bring tropical and cultivated in greenhouses. The but- 
ton -snake -root and gay-feather species of Liritrie are bright red-purple- flowered 
plants which, with the goldenrods and asters, sneeze-wort, Jfelenivm oulum- 
nate, and the eupatorluma, make a good showing for the composite family. 
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The wild ageratum, JSiipaforium agerttloides, you will find growiog ir 
Bhadf plai^ea witb the aaters. You will reoognize it from its resemblancfi t 
blue ageratum of the gardens. It is sometimee highlj recommended for ■ com- 
paaion to the scarlet salvia. If you can succeed in growing the cardinal flower. 
l,vb€Uu cardiiiaUn, the ageratum will go well with it. The blue I.ohelin sjfph' 
iUHr^a ia also desirable, 

The blue xentian of our meadows, Gentiana puberula, is the crowning glory 
of our autumn fields. I know of nothing more beiautiful thaii a cluster of these 
woDderfull; blue flowers, which hide in the long grass of the prairie, often close 
to the roadside, and, wheu the sun ehloes brightly, open the petals to the fullest 
extent, closing tightly at night and bo cloudy dajs. The flowers are very secHi- 
tive to ligbt, often opening at night, it placed directly under the rays of a iatgtj 
lamp. ]^ 

These flowers ar« due in the first weeks of October. Vou will find MDM t JB 
the 8th of that month, and with them 1 close this part of my list. ^1 

Our commonest fern Is also one of the best for cultivation, the bladder feni. 
Cifstopterts fragilU. We have also the maidenhair fern, Adianfum pedntmn; 
the Christmas fern, '4«j>i(fi'u»i acroKtinhiiidea ; the walking fern, Crirnptoanrua 
rhizaphyltui, and the moonwort, Botrychium virginianum, which is claaaed 
with ferns, although not one strictly speakini;. There are some other tema 
growing in the limestone ledges— the little cloak tern and the rock brake, which 
will need careful treatment In imitatirig their natural eurrouGdings in order to 
do well. 

Of vines, i hesitate which to put first. The Virginia creeper. AmprMptit 
i/'ihtqiiF/alia, seems to lead, with the climbing rose, Jio«a aeligera, a cloee sec- 
ond. Bitter-sweet, CelaHtru* sr.andrna ; the clematis, two species. ('. vlrgini- 
(inn and (.'. pilc/ieri ; the wild cucumber, Ec/iinaaj/slit lobatii ; and the 
moonseed vine, Mcniipermum eanadense, will give you quite a collection of 
native vines whit;h have do objectionable features. I am tempted to add the 
passion -flower, native to the aoutbern part of the state and the Indian territory 
and southward. The vine spreads from the root, but does not form seed In ibia 
climate. I must add the wild grape and the hop. 

Of shrubs, you may select from button bush, Cep/iatanthus ocrirUntnUg ; 
Ainorpha friiticoia ithe botany gives no common name — tall lead-wort will 
perhaps answer i : sweet sumac, Rhua aromalirn, which has attractive red ber- 
ries; the sheepberry, nanny-tmrry, VHiurnuin prititf/oiluin, vbicb is sometimee 
called the black haw. The glossy, pear-like leaves make this one of our finest 
shrubs tor decoration, even when not in bloom or fruit. Some of the cornels, 
dogwoods, might be used; and the Staphylea fri/ntia, or bladdernut, ought 
not to be left out. 

For the water garden, you will want the water-lily, A'clumbo lulea, closely 
iated to the lotus; the soow-li^itd. Sag if taria variabilis ; th< 
Alisma plantago : the bladderwort, Ulricularia vulgaria ; the water crow- 
foot. Ranunculus mullfjidus. with Its golden flowers like a buttercup; tbft 
JitMiica, with its shining leaves and yellow flowers; the water-willow, Dian- 
Ihera amtricana, with its two-lipped white flowers, marked with purple: th* 
tittle wild lantana or fog-fruit, Lippin lanceolala, and some plants of the cat- 
tail, T-/p!ia iatifolia. 

Kor the rockery, the stone crop, Sedujn pulrhellnm, will be good, and the 
Jfouttinna anguatifoUa. This last has flowers of pinkish white, which remind, 
one of the bouvardias. 
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Id prepsriDg the soil for ;our wild flowers, ;ou will need to be careful not to 
make it too riob; smce mao; wild Howera will be cosreeaed by too much plaat' 
(ood. The violets, particularly, will give you no bloaaomg, but a great growth 
of leaves. All plants from the prairiee will do well in ordinary garden soil. It 
is not neceeaary to try to imitate their native aoil. The plants from the wood 
will need shade, and watering now and ihec. The north side of a hedge fence 
trimmed somewhat high would be best: but the shady aide of a stone wall or 
building, perhaps the house itself, will do very well. Woodland plants will do 
better for an admixture of leaf loam in the soil : and it seems to be a necessity 
(or ferns. 

In making the water garden, it would be well, I think, to sink the balf- 
faarrel, or whatever you use, in the ground in a shady place; then, the most of 
your water-plants will grow about the edge, where you can keep them sufficiently 

It will Dot be necessary to know the scientific names of flowers, nor even any 
name at all. We have very few poisonous plants, and those are not usually at- 
tractive: so that you may take anything that strikes your fanoy. It may be best 
to gather seeds of late- blooming sorts, sowing the seed in early spring, not too 
«arly for warmth. 

My paper will not be complete perhaps, unless I add a few "don'ts," 

It would be best to avoid cultivating any member of the family Coitvolttilii*, 
or morning-glory. Vou will be tempted, if you love vines, to take the Ipomca 
panditralft, oId<man-in the-ground, largely advertised a few years ago as the 
hardy day moonflcwer. but do n'r. Nor must you have anything to do with the 
beautiful white bindweed, unless you have courage to pull up and dig out all 
sprouts you do not wish to grow. Nor would I advise growin^r any of the sun- 
flowers, although our common sunflower. Jltliimlhua annuun, is a bright and 
wholesome plant; yet it has, sometimes, such a quantity of seed that it is im- 
possible to prevent its spreading. Another member of the family, our abundant 
rock- weed, i/ef iVinf A f(8 orfjytilin, iagrovn in Eastern gardensand considered very 
desirable. The long, drooping leaves are as much in demand as the flower. 

Of the ox-eyed daisy and the sweet clovers I need not apeak. You all know 
their capabilities. 



The additions to the list of Kansas coleoptera for the past two seasons num- 
ber 236 species, a much larger number than has been added in recent years. 
This has largely been through the work of Mr. F. F. Creveeteur, of Onaga, Kan., 
who has, fay careful collecting among the small forms near his home, added 100 
species. Quite a numlier of those added the past two years were rare and unique 
forma, representing the northern extension of the Texan fauna. 

The present additions bring the number of Kansas coleoptera up to 3500, and 
a careful revision of material now in Kansas colleotione would certainty increase 
this number to a considerable extent. 

The bulk of the determinations Id the present list were made by Mr. Charles 
Liebeck, of Philadelphia, Pa., iu charge of (be Dr. G. H. Horn collection of 
coleoptera; U, C. Fall, of Pasadena, Ual., and by the Department of Aftrlc- 
Waahiogton, D. C., to whom acknowLedgmentA ue dM%. 
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HBSfiHAWs NLMBBM. WITH L*TKR 1 


[>rr«R«INATIOKB t-NNLMBEBBD. ^B 




.. Salina, Medor8,McPber9on, Mar.. 






April, Ssiiteniber, October. 


^M i..H=W H„™ 


.. Republic, Stafford, KJowa, Salt 

lda«h. June. July. iuen»t. 






^M 340 


D;scbtriuserjthroceniBliftc 


.. Oaaga. ^M 


^H 




SaliDB. ^^B 


^1 462 


" granarioB Dej 


Ooaga. ^H 


^B 482 


Trecbua rubeoa Fab 


.. Ooaga. ^m 


^H 663 


Pterosticbus teianua Lee 


. . C'oolidge, J une. Uoe epeciid^H 


^B no3 


mandibulamKirby... 


Ooaga. H 


^B 618 


ETarthrus torvua Lee 


. Unaga. ^B 


^1 766 


PlatynuB ainuatUB Dej 


.. Onaga, 


^a »:» 


Oliathopus parmatUH Stf 


.. Opaga. 


■ 924 


Callida fulgida Dej 


.. Onajfa. 


^B 949 


Apeaee lueidula Dej 


... McPheraon. July. AuguHl. Elec- 
tric ligliW. 

. . Medora, May 20. Two specimeua. 


H 


HeUuomorpha ciairrilW Dej 


|P 1001 


ChlitniuB diffiaia Chd 


.. Ooaga. 


■ 1 1019 


Oodes teiaouB Lee 


On«™ ^^ 


1 1233 


Haliplua edeatulua Lee 


.. Mcpherson. Kiectric lightib^^l 


1 1275 


BidesauB affioia Say 


Ooaga. ^M 


■ 1310 


Hjdroporus pulcher Leu 


.. WiiBOD county. ^^ 


1311 


•' vittatipennia Lee 


. . Wilson county. 


1496b ThermoDectea latecioctus Lee 


.. Onaga. 


1532 












1594 


HrdropbiluB etlipticus Leo 


.. Wallace, July. ^H 


1685 


PhtFOoDotuiu eitriatum Bay 


NflBr Marnnolt*. Ot^tohfi- l.-L ^^1 




AniBotoma, sp. Dearstrigata Leo... 


1 ^^H 


1795 


Agathidium exiguum Melah 


Uoaga. ^^B 


1831 




Ooaga. ^H 


1877 


Paelaphua ericbsoDii Lee 


.. Onaga. ^H 


1996 


Falagria ciagulata Lee 


Ooaga. ^H 






^^B 




Aleopbara, three new apeciea 


Ooaga. ^H 


2186 


Philonthue tulvipes Fab 


^^^1 


2207 


inquietuB Er 


fnairn ^^^| 


2274« XantholiDue fusicepa Fsural 


^^B 


2443 


Slenua flavicoroia Er 


^^H 


2572 


PajderuB paluBtria Aust 


^^B 


■1 2591 




knnirn ^^^^^^^1 


^B »»H 


TachiouBrumipeaDiB Say 


t)DiUra. ^^^^^^B 


^B 2666 


BoletobiuB cioctus Grav 


OnnnA ^^^^^^H 


^B 2670 


Brjoporus rufesceoa Lee 


^^^^^^H 


^B 2790 




Nfftr MarniMtttf. Oetnhnr IR ^^B 


^M 2852 


Homalium humoroeum Fauv 


.. Beoedict. ^H 


^M «)14 


Nossidium amerieBDum Mota 


Ooaira. ^M 


^B 3D21 




Uoaca. ^^M 


^H 3043 


Hippodamia lecontei Mula 


^H 


^B 3055 




nnm-Aanfl Hntrh.nsnr. IVl« .^H 


^B 308)t 


Cryptognatha pUHJlla Leo 


Onoira. ^H 


^H 3160 




.. Ooaga. ^M 
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3871 
3919 

10015 
«)06 
1041 
40G4 
4064(1 



4476 
100". 1 
10091 

4666 

4721 
10129 

4740 



D051 
5099 
5120 
B136 
5159 
5272 



D321 
5400 
5137 
5139 



BortDDOi pbelpsii Cr Near Superior, Neb., 

" iutruaiia Horn Onaga. 

" n, 8p Onaga. 

Tritoma ruficeps Lee Ooaga. 

" aulJRA Tlorn Oaaga. 

La'DiopbluL'us ferrugineuB Steph Ooaga. 

Crosimua hirtua Casey Onaga. 

Oryptopba^us oellaria Scop Onaga. 

Atomaria liutula Lee OnHga. 

Hister bimaculatuB Lidd McPhereon, May. 

TereCrius americaDua Leo Onaga. 

CarpophiluB pallip^nnia Say, var fioralis Er. Belvidere, June. 

" melacopterusEr., and var. rufuB. Murry. KagoandMedora, 

in races Boven. Uny Bod Jnne. 

Epurea avara Rand Benedict, April. 

Corticaria aerrata Payk Ouaga. 

Bactridium Htriolatgm Reit Ooaga. 

PeloDooiiis obacurue Lee McPh«rBon,elec.ligbta, June, July. 

Heterocerus gemmatua Horn Onaga. 

Soirtea orbiculatua Fab Onaga, 

Fornax calceatua Say Benedict. 

Analoatee druryi Kirby McPherson, .^uguat. 

" latreillei Lee McPheraoD. Electric lighte. 

Sarpedon acabroaua Boot Onaga. 

CTyptobypnus, d. ap Onaga. 

Dolopiua lateralis Each Onaga. 

LimoniuB plebejus Say Onaga. 

" quercinua Say Unaga, 

CorymbiCea medianue Oerm Onaga. 

Chi78obothriBpurpureoTittatBUorn. . Belvidere, Judc. Three epecimena. 

" scitula Gory , Onaga. 

Actenodea acorcis Bay Onaga. 

AgriluB ruScollia Fab , Onaga and Salina. 

" abjectus Horn Onaga. 

" torpidua Lee Onaga. 

PhotinUB lineellue Lee Onaga. 

Telepborua lautua Eiec Onaga. 

Malthinua occipitalia Lee Onaga. 

Malthodes concavua Leo Onaga. 

Paeudebit'UB, n. sp Onaga and SaliQa. 

Attains baaalia Lee Onaga. 

Pristoacelia ruQpennia Leo Wallace, July. 

Dasytes ruflcollis Utke Onaga. 

Cymatodera bioolor Bay Onaga. 

Tricbodea nuttalli Kirby... Medora, June. One apecimen. 

Hodrobregmua linearis Lee Onaga. 

EupactuB, n. ap Onaga, 

XyletinuB, n. sp,. near lugubriuH, L«c., Onaga. 

HemiptycbuB, n. ep. Onaga. 

Dorcatoma aetulosum Lee Onaga. 

Cie punctatua Mellie Onaga. 

Canthon depreasipeDDis Eioc Coolidge, June, 

" perplexuaLec Benedict. ' 



^ 112 KAKSA8 ACADBHT 


OF 8CIIEKCB. ^^^^1 


^H lOlSO At^aiuastrigatugSBr 


^^H 


^^B 10190 COITDBtUfiLM) 


^^^^^1 




t)n.« ^^^^H 


^H t*m\ TmxspBhpr Idnn . . 


^^^^^^H 




llnmni ^^^H 


'■ nap 


..Rago.June. ^M 


5841 StrigodertuB pj-gmiea Fftb 


.. Ha^ and tipivey, June. ^^M 


6093 Obrium rubidum Lee 


knnoHioI. Onn NiHP.imon ^^H 


1 1 ^^^H ftSIO nvHnnhnriifl vnmiivifliia niiv 


I ^^^^^M 


^^^^^ t»i:{ Knrit^rr^niniOliT 


^^^^^^M 


^^^^^^H (fSin Anmn^nnn bivittsM Hnv 


^^^^^1 


^^^^^^F ().HM l#ntura DubernHav 


^^^^^^^1 


6135 Lepturges sj'mmetricua Hald 


llaara. ^^H 




^^^1 


Mecae cana Newni 


Roliidnm. ^^H 




^^^^^^H 


G501 " ocellaUHald 


^^^^^H 


CSOTrt " myopsHald 


MoHnni. .Iiinn. ^^^^^H 


K35 Donaoin diatincta Lee 


()n>u» ^^^^^H 


65G2 Lema coroata Fab 


Mftrini-B ^^^^^^H 


GCM Exema gibber Oliv 


^^H 








Onaga. ^^M 


6610c " luteipennia Melah 


Unaga. ^H 


6e28c Cryptocephalue cinctipenDia Raod . . 


^^1 


6725 Fidia vitioida Walah 


Uoaga. I^H 


lOSSS Metachroma parallelum Horn 


MPriofu Mrs .liinn. nn willn^^H 


6753 •■ aogustataCr 


. Medora, May. June, on willow, 


6764 ■• l-vvicolliaCr 


. Onaga. 


10363 Grapbopa varians Lee 


. Belvidere, June. July. AugUBt. 


Rhabdoptera, n. ap. 


. Onaga. 


6805 Chryaomela elegaDs Oliv 


. Onaga. 


Zygogramnia heterolheceie Lio 


. Belvidere, June, July, Augtufc 


6856 LuperuB thoracicusMelab 


. Onaga. 


6891a Diabrolica foBaata Lee 


. Onaga. 




. Onaga. 


68W " atteouataSay 


. Wallace, July. 


6Q01 AdimoDiaeexvittataLeo 


. Onaga. 


6917 Moooxia conaputs Leo 


. Coohdge, May. 


6^8a Diaonycha collata Fftb 


. Onaga. 


6972 Haltica punctipeDHiB Lee 


. Wallace and Belvidere, June,; 


6800 Crepidodera bbaW Cr 


. Onaga. 


10431 Orthaltica melina Horn 


. Onaga. 


7008 LocgitarsuB teatiiceua Lee 


. Onaga. 


7029 Phyllotreta teneioolliB Cr 


. Onaga. 






7067 Microrbopata excavata Oliv 


. Onaga. 


7100 Caasida leiana Cr 


. Belvidere. Aug. One apecinu 


7136 Bruehua pauperculue 1*0 


. Onaga. 






7131 BlapBtinua Bulcatus Loo 


. Coolidge, June. 


7476 AlphitobiuspiceuaOliv 


. McPberaon, July. 
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7523 Platydems micans Horn McPherion, June. 

Hymeoorus, d. ap Belvidere, June. 

7590 AUecula atra Say Medora. 

7607 CiBlela sericea Say Oaaga. 

Myoetocharia n. a., near megalops Cay. Ooa^. 

7773 Tomoiia bidentata Say Wallace, July. 

7799 Mordelliateaa lepidula Lee Onaga. 

7B53 " bibamata Melsb Ooaga. 

7800 XylophlluB basalis Lee Ooaga. 

7900 " nebuloflus Lee Ooaga. 

" two new Bpeciea Onaga. 

. LappUB lividuB Cay Beividere, August, 

7930 MecyDotarsua cnndldus Leo Medoni, June. SaoiJ-hills. 

7S39 Antbicue tenuis Lee Oaaga. 

" n. ap Ouaga. 

7976 " pallena Leo Medora. June. Sand-hiils. 

Malporue properus Csy Onaga. 

79M DendroideB canadeDaia Lat Onaga. 

8050 Zonitia loDgicorais Horn Ooaga. 

8139 Cantbaria bigutUU Leo Wallace, July. 

8140 " tulvipennis Lec Belvidere, June, od Mex. poppy. 

818.3 Myoditea Bcaber Lec McPherBon, Jupe; and Oaaga. 

8309 EtignamptuB Bulcifrona Gyll Oaaga. 

8216 RhynchitesglaatinuaLeo Goolidge, June. 

8228 Attelabue rhoia Bob Onaga. 

8:257 Dicboxeuus setiger Horn Rago and Garden City. June. 

8307 Tracbypbio^us, aaperatua Bob Onaga. 

" n. B. near aaperatua Bob. McPherson. 

8336 Mitostylua tenuia Lec. Belvidere, June, July, August. 

83T1 Apion impunctiBlriatum Sm Rago, Juae. 

6397 " oblituDi Sm Medora, Belvidere. Sbarp'sCreek, 

Near Superior, Neb,, Bago, May 

Wallace, July. 

" teuuiroetrum Sm McPberaon, June. 

Macropa bumllia Gyll McPheraoa. Electric ligbta. 

X obacurellua Deitz Onaga. 

Cleonopaia pulvereus Lec Belridere, August, 

Cleonua oaneacena Lec Bago, June. 

Deamoria pervisua Delta Belvidere, August. 

Phyllolroi nubiferLec Onaga. 

Endalus aetoaua Lec McPberaon, Wallace, July. 

" n. ep Wallace, July. 

'■ n. ep., near cribricollia Leo., Onaga. 

Ancbodemua angustus Lec McPberaon, June. 

Macrorboptus biapidua Deiti Near Superior, Neb., June. One 

speciraon. 

Bagoua, n. sp Onaga. 

Magdatia barbita Say Benedict. Oneapecimen, 

" incoDspioua Horn Onaga. 

Antbonomua taatuaLec Belvidere, August. 

" hirtoaLeo Wallace and Coolidge, Julj. 
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8G61 


AntbonomuB crategi Walah 


Onaga, ^^H 




" molaoulus Cay 


. Rago, AuguBt. ^^1 


10987 


" bolteri Deitz 


. Onaga, and Superior. Neb. ^^| 


10998 




. Onaga. ^^| 


10999 


albophilosuBDeitE.... 


. Belvidera and Phillips co^H 

JdIT, AOSDEt. ^^M 


SG73 


Orcbeates pallicoroia Say 


. Onaga. ^M 


11019 


PseudanthoDomus iDcipiens Deitz . . 


. Salina. ^M 


8685 




. Onaga, ^H 


8093 


Tylopterus variua Lee 


Onaga. ^H 


87 IS 


ConotrttcheluB elegaoa Say 


Onaga and McPhersoa. ^^^| 


S738 


erinaceusLec 


. Goaga and southeast Katu«^^| 


8812 


Copturus natiulua Ijec 


. Rago, June. ^H 


8834 


CuL'liodes flavicaudiB Boh 


Onaga. ^^M 


8815 


Ceutorhynchus puaio Mann 


^^M 


8&->2 


" septeatrioaalisGyll. 


Ooaga. ^^^^^H 




" sifluentua Csy 


Onnga. ^^^^^^^H 


8865 


Rhynonchus lon^ulus Lee 


Onaga. ^^^^^^H 




occideotftlis 


^^^^^^H 




Acanthocelis curtus 


. Onaga and Salina. ^^^^^^^^^H 


iim 


Ampeloglypter longipennis Csy 


Salina and Onaga. ^^^^^^| 


11186 


Idmnobaris depianata Csy 


Onaga. ^^^^H 


8900 


OnychobariB rugioollia Lee 


Onaga. ^^^^ 


11210 


Barilepton famelicum Cay 


. Onagn. 


8960 


Baianinus unitormisLec 


. McfherBon, June. Klec trie lights. 




aulcatulue Cay 


. Onaga. 




Sphenophorus, o. sp 


. Coolidge, July. ^^H 


9055 


Monarthrum fasciatum Say 


. Benedict, April. ^^1 


9111 


Xyleborus pubescens Zimm 


. Onaga. ^M 


9152 


Scolytus Ten trails Lee 


. Onaga. ^^ 


8228 


Brachy taraua tomentoBUB Say 


. Onaga. 




n. Bp 


. Ouaga. 


9230 




. McPherBon, May. One specimaa. 




THE BLACK DUCK 


IN KANSAS, ^H 






I have ielt with Mr. B. B. Smyth, cura 


tor of the Academy, a skiD of sR 


black duck, AnaK obscura (Gmel.i* It wae captured at Greenfield lake, in tfae ~ 


extreme Bouthwestem part of Reno oounty, 


n 189G, by Mr. C. H. Smyth. 


Another specimen, ^bicb I have sent to Professor Sqow, was taken in Novem- 


ber, 1891. at the same place and bj the sac 


ne person. They have been in my 








beeni 


dispute since 1872, when Professor Snow reported them in his first oata- 


logue of the birds of Kausae. 




• 11 


■ia BiamiDvcI the skju rehrnd », aiid Sud t 


hat, allboDRb Dot Upical of tlie adalt bird, 








(SenD.; 


Mretorore kaam to Iibts besa taken la tha 


^_ aUte.~ 


b. B. LamTI. 
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In 1885 Dr. W&lter Fnxon publiabed* a "PrelimiDary Catalogue of the Ccay- 
flahes of Kanaaa."' Since our knowledga of Kansas forma is more extenaive cow 
than when Doctor Faxon's catalogue appeared, bb well as for the couveuience of 
those irishing to study Kansas forms and their distribution, Faxon'a publication 
being somewhat iDacceasibie, it haa been deemed adviaable to bring this cata- 
logue up to date. Id this abatraot the citations of literature, muaeum numbers, 
collectors, etc., ia omitted, only a list of the species and their dietribution, with 
the briefest notes on their habits, being given. 

In 1S68, when Doctor Hagen's "Monc^raph of the North American .\ats- 

1^" was Uniahed, do crayfish were reported from Kanaaa. We now recognize 

e species and one variety {Ij, Of these Doctor Faxon's catalogue reported 
seren epecies and one variety. Of the 105 counties in the state, we have reportu 
n the cambarid fauna from only twenty-four. 

The following ia a Hat of the species, with their distribution by oountiee: 

1. Canttiarus iihiiulanii Faion, Barber. Ellis. 

3. C. gracilis Bundy. .A burrowing species, spending most of its time in 
burrowa. which it forms in meadows, etc., often at considerable distance from a 
body ot water. They may be taken at the tops of their burrows at night, when 
they are doubtless watching for food, during the summer montha. In early 
spring they are to be found in stagnant ponds, etc, Labette, Douglas. 

3. C. bniiiiigartncri Harris. Found in creeks and sloughs; burrowa in tall. 
Harvey, Sumner. 

j. C. diogencs Girard. A burrowing species, not often found in open poods 
ir streams, except in early spring. Douglaa, Leavenworth. 

5. C. immufiit Hagen. \'eiy abundant in shallow, stagnant ponds, going 
into burrows upon the approach of winter or drying up of the water. Ellis, 
Douglas, Leavenworth. 

5b, C. inimuni's Uagen, var. Hjimosfria Faxon. Bhawnee, Douglas. 

6. C. nttis Faxon. Labette, Montgomery. 

7. C. virilin Hagen. This appears to be the most widely distributed species 
I our state, being reported from fifteen different counties: Cherokee f?), Deca- 
tur, Dickinson, Douglas, Ellis. Finney, Geary (?|, Jefferson. Kiowa, Leaven- 
worth, Linn, Riley, Shawnee, Sumner, Wabaunsee. 

8. C. neglf.cluK Faxon. Wabaunsee, Cheyenne. 

9. C. peloaii»B&i-. Mitehell, Russell. 
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A LIST OF BIRDS SEEN IN DICKINSON COUNTV, KANSAS,^ 
FROM AUGUST, 1998, TO AUGUST. 1900. 



RcBd beloTe tbe Acadam)' December 28, ISOO. 

During my two yearn' reaidpnce in Dickiason county my □pportunitioa lor field 
observatiODa were limited, and they were coneequently caaual and far from B79- 
tematic. They were oonHnml principally to the eastern part ot the couoty, in 
the vicinity of Chapman. This place haa an elevation of lOo^J feet above sea- 
level and is in the flood plain of the Smoky Hill river. The native timber ia oac- 
Sced to B fringe on the banks of the river itself and along Ihe streams which 
flow into it. Orchards and plantations are numerous. 

The limestone formation of the hilla bordering the river valley shows a ten- 
"deDcy here and there to ^ve way to the sandstone of the Solomon valley. At 
intervals there are sand-hills partly covered by a dense growth of the sand-plum, 
JVutiHS i/ia(s'jiti (Sarg.l 

The avifauna of this part of the county shows no striking changes from that 
found at Manhattan. The birds are decidedly those of the eastern part of the 
fltate, with fewer of the woodland species. The .irltansas Kingbird, Tyrnnnvu 
vertiealif (Say], of which a single pair were seen, was the only bird observed of 
which I have no Manhattan record. The list which follows is far from a com. 
plete one, and ia offered only as a contribution toward a better knowledge of the 
distribution ot our Kansas birds In the state. One hundred and thirty-thre« 
apeoies are recorded, of which aeveaty-mx ure summer resident and probably 
breed in the county. 

1. 4. ColymbuB nigricollis californicus (Heerm.) American Eared Grebe. 
A specimen seen in the hands ot a boy, who had shot it on a pond. 

podicepe (Linn.) Pied-billed Qrebe. Probably breeds; 

(Ord.) Riog-bil led Gull. Migratoi;; seen aloDg 

flying along 



3, 51. Larus delawi 
the Smoky Hill river. 

Sterna forateri ( Nutt.) Foreter's Tern. Migratory 



4he river, 

-5. 77. Hydrocbelidon nigra 

'6. I Si. Felecanus erythrorbynohi 
llligralory ; common, 

7. 132. Anas boBchas (Linn.) Mallard. Beei 

■9, Vn. Marecaamerioana (Gmel.) Baldpate. 

'9. 139. Nettion oaroliDensia (Gmel.) Green-i 
fgrtuxt. 

10. 110. Querqaedula disoors (Linn.) Blue-v 
«nnt. 

11. 113. Daflla acuta (Linn.) Pintail. Migratory; one of the few specisA_ 
that can be distinguished when flying, although distant from the observer, 

IS. 1*6. Aythya americaDa(Eyt.) Red-head. Migratory- 
13. 150. Aylhya collaris (Donov.) Ring-necked Duck. Migratory; set 
Abe jKMaeeafon of hunters. 



(Gmel.) Black Tern. Migratory. 
(Gmel.) American White PelicKn. 



in migration only. 
Seen on Chapman oreek. 
nged Teal. 



nged Teal. A 



ml- 
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14. 168. Chen hyperborea | Pall.) Leeeer Snow Gooae. S«en In migratioD. 

15. 172. Branta canadecsis ILina.) Canada Goobo. Winter Bojourner and* 
migrant. Tbia bird Ends abundant winter tood od the extennTe wheat-fields ot 
the count;. 

16. 19J. Ardea herodiae (Lino.) Great Blue Heron. Summer reeldent; 
seen several times: nests on Chapman creek. 

IT, 201. Ardea virescens (Linn.) Greeo Heron, Summer resident; rathec 

18. 204. Grusamericsna(LinD.) Whooping Crane. Migratory: seenflying-. 

19. 206. Grusmeiicana (Mull,) Sandhill Crane. Migrator;; seen sererak 
times in tiocks, flyiOK. 

20. 2U. Porzona oarolina iLinn.) Sora. Migratory; not common, l>ecause' 
marshes are scarce. 

SI. 321. Fulica americana (Gmel.) American Coot. Been only in migra- 
tion, but probably breeds in the county. 

3£, 325. Recurviroetra americana (Gmel.) American Avocet. Reported. 
from the wiunty, but not seen. Migratory. 

23, 239. Tringa maculata IVieJll.) Pectoral Sandpiper. Migratory. Ooly- 
once seen, but is probably common in suitable places. 



25, 341. Tringa bairdii (Coues). Baird's Sandpiper. Migratory. 

26, 242. Tringa minutilla (VieiU.) Least Sandpiper. Migratory; fairly 



27. 254. Totanus melanoleucua (Gmel.) Greater YelloW'legs. Migratory; 



28. 255, TotanuB fiaTipea (Gmel,) YelloW'legs, Migratory ; a ten seen. 

29, 261. Bartramia loDgieauda(Beahet.) Bar tram! an Sand pipet. Summer 

resident; 



(Miill.) American Qolden Plover. Migra- 



30. 263, Actitis macularia(Linn,) Spotted sandpiper. Bummer resident ;. 

31. 272, Charadrius dom 
torj; a single specimen si 

32. 273. .^gialitis vocifera (Linn.) Killdeer. 

33. 289. Colinua virginianus {Linn.) Bob-white. Resident; 

34. 305. Tympanuchus americanus (Reich.) Prairie Hen. Readent;. 
formerly abundant, but now becoming quite scarce, 

35. 316. Zensidura mscroura (Linn.) Mourning Dove, Summer resident; 
abundant; often seen in sheltered places in winter. 

36. 325. Cathartes aura (Linn.) Turkey Vulture. Summer reaident; com- 



37. 331. Circus hudsonius (Linn.) Marsh Hawk. A common resident 
Oneof our moat useful birds, against which nearly every gun la turned in enn 
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3S. 333. Aocipiter Tflloi iWilB.) Sharp-abioaed Hswli. Seea aeT«ral tiniM 
in miirratioD. 

3ft, 333. Accipiter eooperi (Bonap.) Cooper's Hairk. A reaident species: 



'8 Hawk. Not common, but 



11. 312. Buteo swainsDDi (Bonap.) 
may breed; seen only in fall. 

12. 317a. Archibuteo lagopus sanctijohsnaus (duel.) AmericAD Rougb- 
Isffied Ilawk. WJDter aojoumer; a few aeeo, 

13. 319. Aquila chryaaetua (Lino-l Golden Eagle. Winter sojourEer. 
Several were captured near Chapman and ofTered to me for mounting. 



15. 360. Faloo aparverius (Linn.) American Sparrow Hawk. Resideati 
frequeotl)' aeen. 



17. 373. Megaacopaasio (Linn,) Screech Owl. Common; resident Only 
the gray form eeeo. 

18. 375. BuboTirgiDiBDUs(Gmel.) Great Horned Owl. Resident; oommOD. 

19. 378. Speotyto cunicularia bypoga>a ( Bonap.) Burrowing Owi. Sum- 
mer resident. Observed by Ibe writer in Dickinson county in 188L 

DO. 387. Coecyzua americanua (Linn.l Yellow-biiled Cuokoo. Summer 
reeident; common. 

51. 300. Cerylealoyon (Linn.) Belted King fisber. Resident; not rare, ^fl 
SS. 393. Dryobatee villoeua (Linn.) Hairy Woodpecker. ResideDt: 'JH 



3 medianue (Swains.) Downy Woodpeoker. 



56. 112. Colaptes auratua luteus (Bangs). Flicker. Resident; 

57. 113. Colaptes cafer tGmel.) Red-ahafted Flicker. A winter sojourner: 



58. 118. Phalienoptilus nuttalli <Aud.) Poor-will. A common summer 
resident. Among all of the birds seen, 1 found none of the frosted form, nilidaa 
(Brewat.) 

59. 120. Chordeilea virgiaDianue (Gmel.) Night Hawk. Summer resident ; 
common. No specimens of the western form, C. i. henry i (Caas.), were observed. 



J 
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61. 428. TrochilUB coIubris<LiQa.) Rubj-throated Humming-bird. Seen 
onl^ ID migration. 

62. Hi. T^raniiuH tfraDnu8(LiiiD.| Kiogbird. Summer reBident: abua- 
dant. 

63. 447. TyrannuB verticalis (Sayi. Arksoaas Kiogbird. A pair seen May 



65, 456. SajorniB pba?b« (lAth.) Phcebe. A summer reeideot; c 

66. 461. CoDtopus vireaa (LiDD.) Wood Pe wee. Bummer rMident; fairly 



67. 474a. Otocoriaalpeetrialeuootema (Couea). FftlKd Horned lArk. Com- 
moD in midwinter. 

68. 474b. Otocoris alpestria praticola (Henah.) Prairie Horoed Lark. Resi- 
dent; abundant. 

69. 477. Cyanocitta criatata (Linn.) Blue Jay. Reeident; commoo, 

70. 489. Corvuaameriaanua{Aud.) American Crow. Reaident; abundant. 

71. 495. Molothrua ater IBodd.) Cowbird. Summer reeident; abundant. 

72. 497. Xauthocepbalua xantbocephalus (Boaap.) Vellow-heoded Black' 
bird. Seen only in migration. 

)UB {Linn. I Red-winged Blackbird. Summer 

74. 501b. Sturnells magna neglecta (Aud.) WeeCern Meadow-lark. Sum- 
mer reaident; abundant. 

75. 506. Icterus apuriue (Lion.) Orchard Oriole. Summer resident: abun- 
dant. 

7C. 507. loterus galbula (Linn.) Baltimore Oriole. Bummer resident: 
abuodoDt. 

77. 510. ScolecopbaguB oyanocephalua ( Wagl.) Brewer's Blackbird. Migra- 
tory; common. 

78. 511b. Quiscalus quiscala leaeua (Ridgw.) BroDEe Qraokle. Summer 
reaideot; abundant. 

79. 521a. LoxiacurviroBtraatricklandi(Ridgw.) MexnoanCroaabitl. Winter 
Bojounier. Several flooka aeeo. 

80. 539. Aatragalinua triBtit(Linn.) American Goldfinch. Resident; com- 

81. 533. SpinuBpii)ua(WilB.) PineSiskin. Winter sojoumeri oommoc. 
eS. 536. Oalcariua lappanicus (Linn.) Lapland Longapur. A winter ao- 

Journer; common. 

83. 542a. Ammodramua aandwiohensia aavanna (Wila.) Savanna Bparrow. 
A common migrant. 

84. 546. Ammodramus savannarum poaseriaus (Wile.) Oraaabopper Bpar- 
row. Summer resident: c 
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IB (Say). Lark Sparrow. Summer residM 



86. 553. Zoaotricbia querula (Nutt.) Harris's Sparrow. An abuodaot 
winter sojourner. 

ST. 554. Zonotrictiia leucopbrys (Forst.) Wlitte- crowned Sparrow. Seen 
in migration. 

). 551a. Zoaotricbia leucophrys intermedia (Ridgw.) Intermediate Spar- 
Migrator]': common. 
89. 559. Spizella tnonttcola {Gmel.) Tree Sparrow. Ad abundant winter 
sojourner. 

560. Spizella socialia (Wila.) Cbipping Sparrow. Summer resident; 



ratOf^^l 



82. S63. Spizella puailla iWils.) Field Span 
■everal times. 



Summer resident; beard 
hyemalie |Licn.) Slate-colored Junco. Winter eojourner. 



rather 

M. 567a, 
journer: 

K. 581. Uelospiza fasciata (Gmel.) Song Sparrow, Wioter sojoui 



B oregonuB (Towns.) Oregon Jui 



Winter J^^ 
t Bojounit^^^l 
-ator;; ooi^^H 
spring: no^H 



Melospiza lincolni fAud.) Lincoln's Sparrow. Higrator;; 

97. 585. Pasaerella iliaca (Merr.) Fox Sparrow. Seen iu earl; spring; 

98. 587. Pipilo err tbroph thai muB (Linn.) Towbee. Summer reeidMit; 

99. S88. Pipilo msculatua arcticus (Swains.) .Arctic Towbee. Migrator?; 

ammon. 

100. 693. Cardinalie cardinalis ILion.) Cardinal, Resident; abiindaDt. 

101. 597. Guiraca c«rulea (Linn.) Blue Grosbeak. Summer resident; 



102. 598. CyanoBpizB cyanea (Linn.) Indigo Bunting. Summer resideiiM 



103. 604. Spiza Bmericana (Gmel.) Dickciseel. Summer resident; abn 
dant. 

104. 610. Piranga erytbromelas (Vieill.) Scarlet Tanager. 
dent; common. 

106. 611. Progoe subia (Linn.) Purple Martin. Summer reaidenti 

106. 613. Hirundo erythrogaster (Bodd.) Bam Swallow. Summer I 





■ 
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108, 617. 
mer resident: 


StelgidopteryiBerripennis(.\ud.) Ro ugh-w in ged Swallow. Sum- ^^M 
not common, ^H 


109. 


619. 


Ampelia cedrorum (Vieill.) Cedar Waxwing. Migratory; com- ^H 


110. 


621. 


UDiue borealis (Vieill.) Northern Shrike. Winter sojourner; ^M 


111. 

Shrike. 


622a. LAnius ludovicianue eicubitorides (Swaina.) Wbite-rumped ^H 
Summer resident; common. ^1 


112, 6U. 
few heard. 


Vireo ohvaceuH (Linn.) Red-eyed Vireo. Summer reaideot. A ^H 


113. 
moo. 
114. 


627. 
633. 


Vireo giivuB (Vieill.) Warbling Vlreo, Summer resident; com- ^M 
VireobelliifAud,) Betl'e Vireo. Summer resident; common. ^M 


115. 


659. 


Dendroioa BBstiva (Gmei.) Yellow Warbler. Summer resident; ^M 


116. 655. 
very commoo. 

117. 676, 
resident; not 


comtnoD. ^H 


IIB. Geia, GeothlypiatrichaB0C0ideiitali8{Brewst,) Western Yd low -throat. ^1 
Summer reaideDt; rare. ^^ 


118, 


683. 




120. 


703. 


MimuB polyglottoB (Linn.) Mocking-bird. Summer resident; ^H 


121. 


701. 


Oaleosooptes oarolinensis (Linn.) Catbird. Summer resident; ^H 


12S. 70G. HarporbyochuB rufus (Lion.) Brown Tbraeher. Summer resi- ^H 
dent; abuodant. ^| 


123. 
Wren, 


71db. ThryomaoeB bewickii leucoKa8ter;(Salv. aod Godw.) Baird's ^M 

Summer resident; several heard. ^H 


Sumraei 


721b. Troglodytes aOdon aztecus (Baird]. Western House Wren. ^| 
president; common, ■ 


125. 
joumer 


72(j. 
; only 


Certhia faroiiiarls fusca (Barton). Brown Creeper. Winter so- ^H 
a hw seen. ^1 


126. 727. 
commoD. 


Sitta oarolinensis (Latb.) White-breasted Nuthatch. Resident; ^M 


127. 


731. 


Paru8bicolor(Linn.) Tufted Titmouse. Resident; not common. ^M 


128. 


735. 


Paru8atricapiIIUB(Linn.] Chickadee. Resident; common, ^M 


129. 735a. Parus atrinapilluBfiepteDtrioDBlia iHarria). Long-tailed Chicka- ^H 
dee. Reeident ; more commoD than the preceding form, ^H 


130. 749. 
not rare. 

131. 756. 
abundant. 


Regulue calendula (Linn.) Ruby-crowned Kinglet. Migratory; ^M 


132. 


761, 


MerulamigratorialLinn.) American Robin. Reaident; oonun^^^^^H 


k. 


766. 

■ 


Sialia sialie (Linn,) Bluebird. Resident; not very commi ^^^^^^^H 
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IV. GEOLOGY AXD PALEONTOLOGY. 



THE DAKOTA CRETACEOUS OF KANSAS AND NEBRASKA. 



t OKIUBOMA, SOKNaK, OELa. 

tilU I Inroni lb* Asadsmr Dw««twrSS. Itaa. 

, - _— e dagnm ot Uutor of Arte lla|> T, 1900. br CturlH M*wW><i O— 

Mlraia Bwlnio Id tlicDsiTantn ot Nebnaka. uid ■ecaptod b; Ibe [>«nlt7 Jdim (. UOD-I^ 



Eaili DiMoTBrim. 
Th« tt»»k-B»tdro Cootn>««n]r. 
LHqunni'a Work Id PalsobolaQj. 
IoTart«braui and H«o«Dt lotarticab 
OaooaarBiciL DiaTKiBCTion, 
latrodaetkn. 
aoolharn Kaoaai Aru. 

BelTldani Lotallty. 

"'-'■ ^ 1» Lacalit/. 



■ Ana. 



SmokK-BL 

Kabraika Ana. 

Ball Cntak Locality. 

PlatM RlTer Localiu. 

HlHODriRinTLoealilf. 

BicSicMiiLoeallli. 

BTIATIOKAPai, 

Liar or UDWHirorailtr. 
BaHl of tl.e Dakota. 
OimaraJ Cbaraetaripti" 
Orliln of DaiHMlta. 
Paonllar Fonsi of f 






Economic Pbabi. 

Istrodnctioo. 

Baildiiu Stoae. 

Clan. 

Coal. 

Saod and OrarsL 



Vertabntoa. 

COVCLDSIOH. 

BiBLtooBjtrnt. 



INTRODVCTIOK. 

Few geological groupe are so widely and yet so auperficially knowD as the Da- 
kota Crataceoufl. From the timo Lewis aod Clarke, in IS04, first noticed the 
bills of aott, yellow sandatoDe along the Missouri river at Blackbird hill and 
Maha (Omaha) creek until the preseDt, there have beeD papers aod referencea 
galore to this (orroatioD. One of several reasoDe for this fact may be that it is 
the only distinctively saDdatoae group of the plains. All other formatione^ 
Paleozoic, Mesozoic, or Ceno/oic — coDsist, chiefly, of limesUmeai shales, and silt. 
There are, or course, many ledges of sandstone in the Carboniferous and other 
groups, but with a few minor exceptions the Btatemeut is true. 

The group la hoown, however, chiefly by its fossils. Perhaps tio other forma. 
tioD has yielded so large and variedsoollectioaof species. The fossils are. for the 
most part, plants, pnrtioularly dicotyledonous leaves, although both vertebrates 
and invertebrates are represented. Bome ot the most famous paleoatologiats, 
both phyto and invertebrate, of Europe and America have written concerning 
this group. The literature is scattered throughout government and state reports, 
proceedings of scientific societies, bulletins of numerous surveys, and various sci- 
entific periodicals, not to mention the polite literature of such authors as Irving 
and Cooper. 

The present paper was undertaken with the intention of presenting s fairly 
complete description of the Dakota group in the light of the present knowledge 
ot the subject. It was also planned to include descriptions and plates of a n 
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ber of new species of plaots ooUected durioi; the field seasoca of 1698 aod 1899, bj 
Dr. Leeter F. Ward and the writer. Before the studies of tbe leaves were ooin- 
pleted, however, Doi^tor Ward auggeeted that a monograph of the Dakota group 
be prepared with such geological diacuBsioas as recent iDvestiirationa demanded. 
payiDg particular attectioD to the oew species of plants, .\fter conauItatioD 
with Dr. Erwin H. Barbour, under whose direction the work waa being done, it 
waa decided that while euch a work was feasible it waa manifeatlr impossible to 
complete the entire subject in the limited time allowed. This neceaaitated a 
change in tbe plan of the work. The present paper, therefore, should be con- 
sidered preliminary in character. The writer ia cot unmindful that the diacus- 
sloDS are in places more ia the character of a popular report than of a techoicsl 
presentation of acientific data. This fact, however, may not necessaril; be re- 
garded aa an unmixed evil. The work on the monograph along the lines eug- 
geated by Doctor Ward is in progress. The writer hopes within a reasonable 
time to present to the scientific world this (contribution to the knowledge of one 
of our moat interesting of geological groups. 

Id the work of the investigation of the varioua problems ocnnected with tbe 
Dakota, 1 have had the kindly assistanoe and suggestion of Dr. Lester F. Ward 
and Dr. T, W. Stantoii, of the United States Geological Survey. In the prepa- 
ration of this article, I have been especially fortunate in the aid and criticism of 
Dr. Erwin H. Barbour and Mr, C, A. Fisher, of the UnivBraity of Nebraska. To 
each of these gentlemen are due my heartfelt thanks. 

ni^lTOKICAI. KKKTCH. 

No attempt baa been made to prepare an eshauative treatment on the history 
of the Dakota group. The literature is not only considerable but it is also 
widely scattered. Of tbe hundreds of articles and references deahng vitb 
this group, but a few of the moat important will be cited. The subject naturally 
divides itself into four general heads, which have been somewhat loosely followed 
in the discussion. The first period, or that of early discovery, begins in 18(M, 
and ends in 18.56. The second extends from 1856, when Meek and Hayden began 
tbeir famous controversy concerning the age of the beds, to ISGl, the date of the 
publication of Mr. Marcou's paper in which he admits the Cretaceous age of the 
formation. Tbe third period, during which Dr. Leo Lesquereux figured so promi* 
neatly, began In 1S6G, and closed with the publication of "The Flora of the Dakota 
Group" in 1892, after tbe death of Doctor Lesquereux, The last period deals 
with the question of invertebrates and recent investigations. 

For a more detailed account of the subject the reader is referred to the articles 
cited in the bibliography at tbe close of this paper. This bibliography, however, 
makes DO pretentions to completeness. 

EARLY UiaCOVKRIRS. 

It is to the records of the exploring expedition of Lewis and Clarke, wbiob in 
1801 Bsoended tbe Missouri river, that we must go for the first mention of tbe 
sandstone now known aa the Dakota group. Previoua to thia time French and 
Engliah traders and trappers had gone up the river, and had even built tem- 
porary trading stations along its banks: but the^e men, interested in pecuniary 
gain alone, left no record of the natural soenery of the country. The first account 
cf tbe L«wi3 and Clarke expedition was published by Patrick Gaes, a member 
of tbe party, in 1807. Under the date of August 10, IBOl, Sergeant Oaes says : 
" We stopped to examine some high yellow banks on tbe south side and camped 
I the north side."' 
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Od the 11th, he speaks of some bluffs ot yellow saod that extended for 
several milee along the river. A more compreheaeive nccount is given io the 
juurtiat kept bj Captaio Clarke, as follows: "We halted od the eoutb side for 
the purpose of eiamioiQg a spot where one of the great chiefs of the Mahas 
[Omahas], named Blackbird, was buried. A bill o( jieilow, soft saodstoiie rises 
from the river ia biuffs of various heights till it ends in S knoll about 300 feet 
above the water."' 

This was on August 11. The reit da? the following entry appears, referring 
to Eome hills a few miles further up (he river: "Four miles beyond this bead a 
bluff begins and continues for eeveral miles on the south ; it rises from 20 to 151} 
feet, and coaeistaof yellow and brown clay, with soft sandstone embedded in it."^ 

These three localities are easily recognized to-day. The high banks, first 
mentioned by Sergeant Gass, are the " Uigh Banks." a mile north of Decatur, 
Neb. It is a curious eoincidence. if nothing more, that the name casually used 
by Sergeant QasB ia the one by which the bluff is now known throughout the 
region. Blackbird hill is still pointed out to the traveler through the Omaha 
reservation, and the person who will take the trouble to go up the river a mile 
above the old mission building will End the " blutf of yellow and brown clay with 
soft sandstone embedded in it." 

The noted geographer, Nicollet, in bis journey up the Missouri in 1B39, men- 
tions a number of formations, but seems to have confused the Dakota with the 
underlying Carboniferous. Audubon and Harris, in 1843, Evans, in 1SJ6, and 
Culberlaon. in 1850, were either not interested in geology, or else passed the sand- 
stones of this group with a cursory examination, and devoted their time to the 
somewhat better- developed beds of the more recent formations further west.' 

It was in 1853 that the tint systematic work was done on the Cretaceous of 
the Miseouri rirer, of which the Dakota forms the basal member. Dr. F. B. 
Meek and Dr. F. V. Hayden, men whose names are inseparably connected with 
the geology of the Northwest, were sent on an expedition to the Bad Lands by 
Dr. James Hall, of Albany. Although the time was spent chiefly among the 
later Cretaceous and Tertiary formations, a comprehensive idea of the whole 
series was obtained. It was during this trip that the first foBsil leaves were found 
in the Dakota. 

About this time Prof. Jules Marcou, a French geologist, published a geo- 
logical map of the United States, In which he colored most ot the region west of 
the Missouri river as Jurassic' 

On March 11, 185(), Meek and Hayden read a paper before the Philadelphia 
.Academy of Science, entitled " Descriptions of New Species of Gastropods from 
the Cretaceous Formations of Nebraska Territory." In a prefatory note they 
discuss briefly the relations of the formations, and give the following section: 
Tertiary 10O-€00feet. 

No. 5. Gray and yellow arenaceous clays, containing gnat num- 
bers of marine molt usks with a few land plants 100-150 " 

No. 4. Plastic clay with numerous marine moUuska 350 " 

No. 3. Gray and yellow calcareous marl containing Oiteea eon- 

S/esta. fish scales, etc 100-150 " 

No. 2. Qrayish and lead-colored clays having a few foMils 80 " 

No. 1. Sandstone and clays not positively known to belong to 

the Cretaceous age 90 " 

Upper Coal Measures, limestone at Council Bluffs." 

2. L«»i> and Clarke'! Eip. av Ho. Hi*., UU, l:4S. S. Ibid. 

4. Ueeh and Harden. Proc. PbiU. Aoad, Sci.. i: 111. 112. 

t. Ball. Qeol. Soc. ot Francs. 18G0. S. Pnic. Phila. Acad. Bei.. H: ta-SS, 
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This ia the first drhtt ot the qow famous Miasouri river section of the Creta- 
eous. With the publicatiou of this section closea the first period in the bietor; 
of the Dakota group. 



About three montha after the reading of the article laat referred to, Meek and 
Harden read another paper, in which they discussed the vuious membera of the 
Cretaceous, and eapeL-iaily No. 1. The Btatement is tnade that Profeasor Mvcou 
ia certaiQl}" mistaken in supposing that all the country west of the Missouri river 
was Juraasic, although they admit that their No. 1 may belong to that age.' 

During the aummer of 1856 these gentlemen again viaited the region, and in 
Novemljerof that year published a paper in which the section given alxive is 
greatly elaborated. No. 1 ia deacribed as follows: "Heavy-bedded, yellowish 
aandatone, passing downward into alternations of sandstone and clay, c^ootainiDg 
bits of water-worn lignite and bands of dark carbonaceous matter. This forma- 
tion is not positively known to belong to the Cretaceous system." 

And the locality: "Near the mouth of the Big Sioui river and between there 
and Council BlulTa." 

In the discussion of the various groupa, referring to No, 1, they say ; " We 
think it barely poaaibte that these beds may be older than the Cretaceous. . , . 
If not older than the Cretaceous, we think they probably represent some of the 
older members of that system."' 

On May 12, 1807, Doctor Hayden presented to the Philadelphia academy an 
article entitled "Notes Explanatory of a Map aod Section illustrating the Qeo- 
logical Structure of the Country bordering on the Missouri River."" On May 26, 
Meek and Hayden read an article containing descriptions of foaaila, and remarks 
on the Cretaceous and Tertiary formations of the Northwest. '° Theae papers are 
quite exhaustive in the discussions of the various formations. The latter paper is 
especially interestlDg because of the fact that in it a number of comparisons are 
drawn with the Cretaceous of_ other portions of the United Ststea. Sections are 
given from New Jersey, Alabama, Kansas, New Mexico; and the following con- 
clusions reached regarding the basal member: 

"There ia at the base of the Cretaceous system, at distinctly separated locali- 
ties in Nebraska, Kansas, Arkansas, New Mexico, Alabama, Texas, and New 
Jersey, a series of variously colored clajs and sandstones of ereat thickness, in 
which organic remains, eicepliog leaves of trees, apparently dicotyledons, fossil 
wood and obscure casts of shells, are rarely found, but which everywhere pre- . 
sects a uniformity of lithological and other characters pointing to a similarity of 
physical conditions during their deposition over immense areas. Although the 
weight of evidence thus tar favors the conclusion that this lower series is of the 
same age pf the Lower Greeosand or Necomian of the old world, yet we await 
positive evidence that portions of it may not be older than any part of the Cre- 
taceous system." 

By March, 13,'iS, they bad advanced yet another step, and, after reviewing the 
evidence of the dicotyledons in the rocks and the position of the adjacent strata, 
they say: "We think we hazard little in viewing at leaet a considerable portion 
of No. 1 OS belonging to the Cretaceous ayatem." 

In the meantime Mai. F> Hawn had published a paper in which he referred 
to the whole of the aandstone formation in Kanaasss Trias." Doctor Hayden, in 
a paper before the Philadelphia academy, read July 29, 185S, took exceptions to 
the conclusions of Major Hawn; and, for apparently the first time, placed the 
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formatioB deflnitelf in Ihn Cretaceous. The foiloning is Doctor Hsydei 



■'The diBcoiery at Blackbird hil! during the past year of dicotyledonous leaves 
allied to the onke, willows, aod others of our deciduous Forest-trees, together 
with their position with regard to other well-known Cretaceous (ormationa, ren- 
ders the evidence quite clear tb»t a large portion ol the strata which we bad Id- 
eluded in No. 1 of our vertical section is of Lower Cretaceous age. . , . Major 
Hawn has found the same or similar leaves in the formation in Kaasae. . . . 
We have, therefore, arrived at the conclusion that No. 1, as it is revealed from 
Council Bluffs to the Big Sioux, is Lower Cretaceous, although two or three beda 
of ypllow or ash-colored clays exposed at low-water mark near Blackbird hill ma; 
be Upper Jurassic. "'- 

It is interesting to note the extreme slowuees with which these disCinguiahed 
scientists reached their conclusions regarding the age of this formation. Their 
opinion once formed, however, they never afterward changed it, and the geolog- 
ical world gradually came to accept their position. It waa about this time that 
Meek and Uayden, desiring some paleobotaaical evidence on the age of the beds, 
sent to Prof. Oswald Ileer, the disticguisbed phytopaleontologist of Zurich, 
some outline sketches of a few of the ptsnls. Not having heard from bim for 
some months, the entire collection of fossil leaves was submitted to Dr. J. S. New- 
t>erry, who, after studying the forms, referred them to thirteen genera, and un- 
hesitatingly placed them in the Cretaceous. This was in November, I85S.'" 

The same year Prof. G. C. Swallow published a paper entitled "Eocks of 
Kansas."" The sections given were made along the Kansas and Smoky Hill 
rivers, apparently as far west as Ellsworth county. The rocks of the state were 
divided into five groups, viz.: Quaternary, Cretaceous, Triassic, Permian, and 
Carboniferous. The Cretaceous rocks included the limestones and shales which 
me now known as the Fort Benton, and the 420 feet of sandstone and shale be- 
tweeu these rocks and the Permian were designated as Triassic I ? i, although, in 
a foot-note, the statement Is made that the name is only provisional and did not 
refer to the known age ot the rocks. 

The Dabotagroup, or rather the formation which has since received that name, 
was at this time (185S1 considered as Triassic by Swallow and Hawn; as Juras- 
sic by Marcou : and as Cretacous by Meek, Hayden, and Newberry. To add to 
the complication of the problem. Meek and Hayden received, on December 15 of 
this year, a letter from Professor Heer, in which he referred the plants, of which 
. sketches had been sent bim, to six genera, and inclined to the opinion that they 
were of Tertiary age.^' 

At the same time Proteasor Marcou published a paper addressed to " Messrs- 
F. B. Meek and F. V. Hayden," in which he quotes the conclusions of Professor 
Heer, and eipreases the opinion that No. 1 of the Nebraska section is both 
Miocene and Jurassic.'" In other words, he thinks that there are included in 
this group strat.i Ijelonging to these two widely separated geological epochs. In 
their paper read December 21, Meek and Hayden express a high regard for the 
opinions of Professor Heer, but state that it is impossible for the formation to bo 
Tertiary. They attribute his mistake to the fact that be saw only Imperfect 
sketches of the leaves." Concerning the matter, Doctor Leequereus afterward 
said: "From what we know of the character of the Dakota leaves, it is clear 
that, judging from mere sketches, the celebrated professor of Switzerland could 
scarcely have come to a different conclusion." " 



12. Proe. Pbllm. Aeail. Scl..»: ISB-IM. 

It. 8t.I-oliiBAc«(l. 9ci., I: Vi-in. 

IB. J. Harcou, Zurich. IKU, tS pp. 

IS. OretseeoDa riora, V,3. Oeol. Sarv. at Terr., 4; 4. 



:. Phila. A 
IS. Pro«. PlilU. Aoad. 9cl., ISSS. 





OKOLOGY AND PALKONTOLOGY. 



127 



The papers of Major Hawn Bed ProfeBsor Swalloic induced Meek nod Hayden 
visit Kansas. In the summer of ISoS they asceoded the Kacsas and Smoky 

as far as the Smoky Elill buttea. As the result of this trip two arti- 
i^lee were published, both in January, 1S;>9. The first was ectitled, "On the 
So-called Triaasic Bocks of KaoBas."'" Themcood, "Geological Explorations in 
Kansas Territory."^ Id the fl rat article, which israther preliminary in character, 
the authors discuss the position assumed by tbemselvea and by Major HawD, and 
cite the authority of Doctor Newberry with regard to the dicotyledonous leaves 
to prove the Cretaceous age of the rocks. They a^mit, however, that the ledge 
which cape the Smoky Hill buttes may be either Triassio or Jurassic, but they 
also state that, in the abeence of paleontological data, conjectures on this point 
are futile. One point mentioned in tbis paper may explain in a measure the con- 
fusion into which the diBcussion had fallen at this time. It is contained in the 
following lines: "There is no unconformity, as far as our knowledge extends, 
amongst all the rocks of Nebraska and northeastern Kansas, from the Coal 
Measures to the top of the most recent Cretaceous." 

Had the obvious unconformity between the Permian and the Cretaceous, 
which has since been observed in numerous localities, been known to these 
pioneers in western geology, much of this miaunderstanding would have been 
avoided. These men. not knowing that such unconformity esisted, were simply 
trying to read into the geology of the region whole epochs which did not exist, 
ID order to make the sequence correspond to that of European geology. 

The second article referred to above deals at length with the formation under 
discussion, A number of sections are given, the last of which id entitled: "Gen- 
eral Section of the Rocks of the Kansas Valley, from the Cretaceous down so 
as to Include Portions of the Upper Coal Measures." The upper member of this 
section, taken at the Smoky Hill buttes, is described as follows: 
Bed, brown, and yellowish, rather coarse-grained sandstone, often ob- 
li(|uely laminated, and containing many ferruginous concretions ; also, 
fossil wood and many leaves of dicotyledonous trees, some of which 
belong to existing genera and others to genera peculiar to the Cre- 
taceous epoch 60 feet. 

This ledge is one of the most pronounced in the Dakota area. It forma the 
cap of the Smoky Hill buttes and of Soldier Cap mound, and may be traced for 
miles along the valley of the Smoky Hill river and its tributaries. The section of 
Meek and Hayden is not carried so high as that of Swallow, the latter including the 
Benton limestone, which is exposed about ten miles northwest of this locality. 
Below this le<lge the authors describe S30 feet of sandstones and variously colored 
clays and shales before reaching the limestones and clays which they rightly con- 
sider the upper member of the Permian. Concerning these beds they soy: 
"Between No. 5 (the Upper Permian) and the Cretaceous above (referring to the 
ledge at the buttes) there is still a rather extensive series of beds in which we 
lound no fossils-, they may be Jurassic or Triaasic, or both ; though, as we have 
elsewhere suggested, we rather incline to the opinion that they belong to the 
former age." 

From the above it will be seen that Meek and Hayden at this time hesitatingly 
conceded the possibility of Jurassic beds in Kansas and Nebraska. The Kansas 
formations have since been demonstrated to belong to the Comanche Cretaceous, 
and, without further discussion, the beds at Blackbird hill have long been tacitly 
admitted to be Dakota. 

It wai at this time that the Heer-Newberry'Lesquereuz controversy c 
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iag the paleobotacical evidence of the age of the Dakota begao. It will be re- 
membered that Meek and Haydeo had seat dratriogs ot some of the leaves from 
thii group to Professor Heer. who expressed an opinion that they belonged to the 
Tertiary. Doctor Newberry, however, to whom tbe leaves theroeelves had been 
Bobroitted, considered them Crelacwius, In a letter to Prof, J. D. Dana, pub- 
lished in the Ainiricnii Journiil of Scifiire, Doctor Lesquereui quotes from 
Profeasor Heer, among other tbinga, tbe following sentences : 

" Vour views of the flora of North America agree perfectly with what we find 
in Europe. This leads me U> believe that the plants of Nebraska belong to the 
Tertiary and not to the Cretaceous formation. It la true that I have se^n only 
BOffie drawings which were sent to me by Messra. Uayden and Meek, but they are 
all Tertiary types. The supposed Crediinrin Is very like Pcpiihin luce Ung. of 
the Lower Miocene; and the Etliitghaunan/i seems hardly rightly determined. 
Besides, it is a genus badly founded, and has as yet no value. .K\\ the other 
plants mentioned by Doctor Newberry belong to genera that are represented in 
the Tertiary and not in tbe Cretaceous. It is very improbable that in America 
tbe Cretaceous flora has had the characteristic plants of the Tertiary, and this 
would be the case if these plants did belong to the Cretaceous."" 

Doctor Newberry took exception to these statements, and replied at length in 
a letter dated October 15, 1859, likewise published in tbe A merican Journal oj 
Science''- He answered the objections of the Swiss professor in detail, and 
made the statement, which has since been univereally accepted, that the vegeta- 
tion in Cretaoeous times had the same general aspect as that of the present. 

Professor Lesquereux replied to this letter with another, in which he defended 
Professor Heer's statements, and discussed at some length tbe position ot both 
parties.^ Doctor Newberry again replied, reiterating hia former statements, and 
answering the criticisms of Professor Lesquereux.'' And finally Professor Heer, 
in an article published in May, 1861, defended his position, namely, that the 
plants are Tertiary rather than Cretaceous, if judged from the standpoint of 
European paleobotany,^^ This discussion added little to the settlement of the 
point at issue, and was at the time regretted by the gentlemen engaged in the 
controversy, Both Professors Heerand Lesquereux afterward came to accept the 
position of Doctor Newberry. 

Meek and Hayden. in 1861, published a paper in which they in a general way 
discuss the geology of tbe entire upper Missouri region. In this paper the; 
finally complete the section ot the Cretaceous rocks first published in 1853. and 
which from time to time bad been revised and elatmrated. As completed, the 
section includes 3G00 feet of strata, and is divided into the following groups, cor- 
responding to the numbers formerly employed :" 

No. 5. Fox Hilts beds COO feel. 

No. i. Fort Pierre group 700 ■■ 

No, -^. Niobrara group. 200 " 

No, 2, Fort Benton group 800 " 

No. 1, Dakota group 400 " 

Tbe description ot tbe Dakota group, whioh for the first tims bears that name, 
and in which we are particularly interested, is as follows: " Vellowisb, reddish 
and occasionally white sandstone, with.at places, alternations ot variously colored 
clays and tvds and seams of impure lignite. Also silicified wood and great num- 
bers ot leaves of the higher types of dicotyledons; with caste ot Pfiarellaf 
dakntetiaia, A.riuella giouxensia, and Cyprina arcnaria.'' 

The description ot the locality is: "Hills back of the town of Dakota: also 
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ezteosiTely developed in Dakota county, betow the mouth of the BigBiouirirer: 
thence southward into DortheaBtero KaoBas aod beyood." 

In the diBCuesioD oF the Dakota group they say: "Although ice atill retain 
this OS a dieCmct rock, our present impresaian is that it is oalj- a aubdiviajon or 
member of the Fort Beoton group, Still, until more fosaila can be obtained from 
it in the reeion of typical localities, the question whether or not it should take 
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rank as a distinct formation must remain an open o 
beneath the Benton indicates that it is oertaicly ae 
dicotyledonous leaves found in it prove that It cai 
taceoua." 

In 1863 Professor Marcou, for the first t 
He was accompanied by the Italian geologist, Capellini. Collections of leaves 
vers made at Tekamah, Blackbird bill, and at the mouth of the Big Sioux river. 
Although up to tbia time Professor MarMiu had oonteDded for the Jurassic age 
of the beda, be was now convioced that they were Cretaceous. In an article 
published in IBGJ, "Une Beoonnaissance Geologique au Nebraska,"^ this was 
frankly admitted. This practically ended the diecusaioQ, and settled one of the 
long-mooted questioDS of the geology of the West. 

It was in 1866 that the descriptions of the leaves collected by Messrs. Marcou 
and CapelliDi were published, in a paper entitled "Lea Fhyllites Cn'tac'^es du 
Nebraska."" The account of the trip and description of localities were written 
by Professor Capellini, and the leaves nere figured and described by Professor 
Heer. They include seventeen species, all of which are new. The article con- 
stitutes the first description of leat-es from the Dakota : and from it nearly all 
the leaves since found in northeastern Nebraska bava been identified. 

While the age of the Dakota in its type locality, near Sious: City and Black- 
bird hill, was practically settled by the admission of Professor Marcou, the age 
of what Is now known to be the same rock in Kansas was much longer a matter 
of doubt. Prof, B. F. Mudge, in ISGG, described the finding of a fossil footprint 
in the Liassic ( ?), on the Republican river, about fifty miles from its mouth, and 
stated that the Trlassic, Jurassic and Cretaceous were all represented in that 
part of Kansas,^ Doctor llaydon, in speaking of the beds referred by Major 
Hawn to the Trias, says: "They maybe Trias, Permian, or even Jurassic, as far 
as any evidence yet obtained goes. . . , We must await further evidence be- 
fore we can regard the existence of Trias in eastern Kansas as demonstrated.""" 
In 1869, however. Professor Mudge found marine invertebrates and dicotyledon- 
ous leaves in the same beds in Saline county, and referred the disputed forma- 
tion to the Dakota. 

Doctor Newberry publlabed an article in 1868 describing the leaves collected 
by Meek and llayden at various times and from various localities in the Dakota." 
It was intended that an extended report of the leaves follow this article, and a 
series of plates was prepared awaiting this report, which was to constitute vol- 
ume VIII of the Giealogloal Survey of the Territories. The report, however, was 
never written, and in 1878 Doctor Hayden published a small edition of 500 copies 
of the plates.^ 

Leo Lesquereui, who afterward did more than any other man to further the 
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work of pli7 tops leoD to logy in America, became Jotereated in the subject i 
this time. Ab earlf as 1S5U he had observed fossil leaves In the saodatone near 
Hew Ulm, Minc,^ Again, io 1859, hie aame appeared BBachampiocof the Swiss 
BcieotiBt in the Heer- Newberry controversy; but it was Dot until 1S6S that his 
first contribution to the paleoatology of the i;roup appeared. It was entitled 
"On some Cretaceous Planta from Xebraaka,"" and diacusses fifty-three species, 
forty of which are considered new forms. This paper, published the same year 
as that of Doctor Newberry, was the first of a series by the same author. The 
material collected on the various expeditions of Doctor Hayden, as well as tbat 
sent from Kansas by Professor Mud ge, John Leconte, Charles Sternberg, and 
others, was described in these reports. 

In addition to this, Doctor Lesquereux himself visited the collecting grounds 
and secured a larije number of specimens. He woe in Kansas in 18T3, and tbe 
next year visited both Kansas and Nebraska. The various species mentioned 
from time to time were figured in his "Cretaceous Flora,'"' published in 1674. 
This was tbe most comprebensive report so far published. A short historical 
sketch is annexed, and the various phases of tbe Dakota group are discussed 
with a remarkable clearness and penetration. The views here first set forth are 
in general still accepted by American paleo botanists. As new material was col- 
lected, it was sent to Doctor Lesquereui for identification. This necessitated 
additional publications, and almost every year brought forth from his facile pea 
a contribution to paleobotanic hterature. Id IdlG he published an extended 
Article, in which a number of new forms are described and figured.* Other 
articles followed, and in 1883 be published his " Cretaceous and Tertiary Flora," 
containing nearly .300 pages, accompanied by fifty-nine plates, seventeen of which 
ar« devoted to Dakota plants.'' This was the second of the three monumental 
works on this group by this eminent scientist. During these years many coUect- 
ora had been at work. Judge E. P. West, Prof. B. F. Mudge, H. C. Towner, 
Charles Sternberg and others had made extensive collections, especially in Ells- 
worth county, Kansas, where the Dakota reaches its typical development. The 
loaves collected were sent to several American universities, notably Harvard, and 
aveo to Kurope. The largest collections, however, were secured for the Univer- 
sity of Kansas and for the Smithsonian Institution. Practically all of these 
fosails were identified by Doctor Lesquereux, who continued to publish descrip- 
tions of the various new forms. 

About 1885 he began bis final work, a monograph entitled ''The Flora of the 
Dakota Group. " The manuscript of this work, containing about 500 written 
pages, and including descriptions of .350 species, was submitted to tbe publisher 
in Fabruary, 18B8. Before it could be published, however, additional discoveries 
of leaves were made in Kansas and the specimens sent to Doctor Lesquereux for 
Idtm tin cation. Although in feeble health, he began tbe work with his charac- 
tnlstic entbusiasm. Finding much new material, he requested that his manu- 
aorlpt and plates be returned to him, in order that he might incorporate it in the 
monograph. Id a short time he had identified and described 110 new forms, 
bridging the numl>er of species in the Dakota up to H'O. Before tbe figures were 
all drawn, howMer. Doctor Lesquereux died. October 85, 1889. The monograph, 
■dltMl by l>r. F. H. Knowltoo. was published in 189-2.* 
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Another phaae of the histor; of the Dakota group remaiiiB to be considered, and 
that but briefly. It ie the question of inverlebratea. From almoat the first men- 
tion of tbeeandatonebj Meek and Hay den Ibepaudty of animal remains waacon- 
atantly referred to. The overlying Benton was very prolific in sheils, aa was the 
eubjacent ' C&rboniferoua. In the Dakota, on the contrary, lev forme were 
found, and these in restricted localitiea. In the general aectlon, publiehed in 
IBTO, only three species were mentioned from the Dakota, while the Beaton is 
cbaraaterized by fifteen and the Pierre by more than twenty forma. The marine 
invertebrates referred to above, which were found in Saline county by Professor 
Mudge, were obtaioed from the lower part of the group, not many feet above the 
PermiaQ. The shells were identified by Professor Meek. Other specimsna were 
occaaionally found in scattered localitiea. and were identified from time to time 
by Dr. C. A, White and others. The last of these descriptions by Doctor White 
appeared in 18S4, and dealt with some shells from near Fairbury, Neb., found a 
tittle aliove the middle of the group.^ 

Meanwhile the iovestigatioaa of Hill In Texas and Cragin in aouthern Kan- 
sas had demoaatrated the presence of vaat beds of Liower Cretaceous rocks In 
tbeae regions.*^ In response to the invitation of Prof, A. W. Jonea, of Salina, 
Kan., who had rediscovered tbe locality first found by Mudge in 13G9, Professor 
Cragin visited 8aline county, and In 1896 publiehed a paper, in which he inclines 
to the opinion that the beds In central Kanaas that sre found at the base of the 
Cretaceous represent a northern eitpnaion of the Comanche or Lower Cretaceous 
o( the Tesas-Oklahoma regions." The position taken by Profsssor Cragin now 
has the assent of practically all geologists who have studied the queatlon. 

In 1891 Dr. C. A.White published his "Correlation Papers on tbe Cretaceoua," 
probably the most authoritative utterance so far written on tbe subject.*' The 
Dakota horizon is regarded as a fresh' water deposit, constitutiog the basal mem- 
ber of the Upper Cretaceous. At that time, however, the deposit of its strata 
was not known to have immediately succeeded that of the Lower Cretaceous. 
Theae conditions have aince been observed in several localities, notably in south, 
ern and central Kansas. Doctor White states that the Dakota is eo well defined 
that no ditTerence of opinioo as to its Identity, characterization and delimitation 
has ever arisen among geologists who have studied it in the southern interior re- 
gion, i. e., south of the Platte river. The opinion ie alao expressed that we must 
rely almost exclusively upon fossil plants tor the pa leonto logical characterization 
of tbe horizon. 

During the last decade much work of permanent value has been done in the 
Dakota. Several publications of more than passing Interest have appeared, but 
these must of necessity be passed by In this review, It may not, however, be inad- 
Tiaed to mention the names of Lester F. Ward, Erwin H. Barbour, T. W, Stan- 
ton, N, H. Darton, Robert May. Charles S. Prosser, J. W. Beede. B, W.Wiilieton, 
G. K. Gilbert, Geo, I. Adams, C. A. Fisher, W. N. Logan, F. W, Cragin, and A. 
W. Jones, all of whom have, either directly or Indirectly, added to our knowledge 
of the Dakota Cretaceous of Kansas and Nebraska. 
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It is not the province of this article to discuas the Dakota group Iwyond tbe 
limits of the stales of Kansas and Nebraska, except the small area near Sioux 
City, in northwestern Iowa, and this only because of Its early connection with 
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the literature of the group. Pacing by the expOEurea vhirb are known to occur 
in Mioaesota, South Dakota, Wyoming, Colorado, Oklahoms. New Meiico and 
other states, 1 shall at ooce proceed to conaider the Kanaas- Nebraska outoropa 
ol the Dakota. 

In general, the formation aa e£i>osed in the region extends in a line from 
Sioux City, Iowa, to Ashland, in Bouthweetern Kansas. The distance as the 
orow flies is cot far from 500 milee. The width of the group, as exposed, proba- 
bly areragea about thirty-five miles, although places may be found where the 
diatance from the eastern to the n-estern limits is to exceed eighty miles. Both the 
lower and upper linea of outcrop are e:(eeediDgly irregular. The subjacent for- 
mations extend tar up the valleys, aod in places approach within a few milea of 
the Benton, which, resting on the Dakota, caps the hills to the west. A good 
example of this fact may be seen in western Saline and eastern Ellsworth coud- 
ties, Kansas. From Brookville, which is near the top of the Permian, to the 
noted cave section, on the hills back of which the Benton may be found, is less 
than ten miles, although in the intervening country may be found some of the 
roughest and most typical Dakota in the two states. Another instance is near 
the Kansas- Nebraska line. The Permian is found as far up the Little Blue river 
as Steel City; while the Benton on the hills to the west is not more than six 
miles distant. 

In the following discussion I shall consider that the line of unconformity at 
the base of the Cretaceous rests, respectively, on three phases of the Upper 
Paleozoic rocks: Upper Carboniferous, Permian, and Triassic: that the horizons 
just mentioned are conformable throughout: that the Comanche series, or Lower 
Cretaceous of Kansas, is found only in the southern and central parts of the 
state; that it consists of two formations — the Cheyenne sandstone, confined to 
the Belvidere locality, and the Kiowa shale, known in the central part of the state 
by the term "Mentor Beds''; that the Dakota rests conformably on the Lower 
Cretaceous wherever the latter is exposed : and that it passes conformably above 
into the Benton, which consists of shales and fossiliferous limestones. These 
topics are treated at greater length under their proper head, stratigraphy, and 
are introduced here simply in order that the subject may be understandingly 

In order to simplify the discussion of the various outcrops, I have divided the 
entire region into three areas, \'iz, : The southern Kansas area, the Smoky-Blue 
area, and the Nebraska area. The first of these occurs in southwest Kansas, 
and contains the following four localities: Belvidere, Clark county, Cimarron- 
Bear, and Arkansas localities. The second area extends from the Arkansas 
river, at Great Bend, to the Big Blue river, near Beatrice, Neb. In the discus- 
sion it will not be subdivided. The third area, whieb lies tor the most part in 
eastern Nebraska, consists ot the Salt Creek, Platte, Missouri, and Big Sioux 
localities. This division differs essentially from that ot Doctor White, who io- 
cludes in his "Southern Interior" region all the formations aouth of the Platte 
river, and in the " Northern Interior" region all lying north of this stream. It is 
obvious that both of these divisions are purely arbitrary, and have been adopted 
simply as a convenient schedule of c I assifl cation. My divisions, in particular, 
are purely local, and are nothing but convenient groupings for purposes of dis- 

The exposures ot the Dakota of the first or southern Kansas area are o^'erlBid hj 
the Tertiary, and grade conformably upward from the Comanche. The Dakota 
of the second area rests conformably on the Comanche, or uncontormably on the 
Permian, and is capped with the Benton, except in southern Nebraska, where 
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Qlaci&l depoaits have protruded. The rocks of the third arra reet on the Permian 
and Carboniferous aod are covered by the Benton and glacial. 

The limit ol glacial deposits cute the strike of the Dakota nearl; at right 
angles oot far from the Kanaas-Nebraaka stale line. The line of boulders iadi- 
CBting the position of the terminal moraine enters Kansas near Kansas City and 
follone roughly the course of the Knosas, Blue, and Little Blue rivers, usually 
extending a few miles sooth of these streams. The cortheastern corner of Wash- 
ington county, Kansas, is covered with the characteristic drift boulders, and in 
places by the loess. Southwestern Joffereon county, Nebraska, just across the 
state line, is beyond the line of drift. The largest exposed area of Dakota in 
Nebraska is in this locality. In all other parts of this state exposures occur only 
■long bluffs, or as isolated points where post-Klacial erosion has removed the 
later deposits. It has been estimated that, atthouzh the Dakota in Nebraska 
originally covered what would constitute more than twenty counties, the total 
amount of visible exposures, if grouped together, would not comprise a single 
county the size of Lancaster or Gage. 

Bch'idF.ri^ Locnlity. — This locality Is chiefly known as being the type lo- 
cality of the Comanche series of southern Kansas. Some of the geologists who 
have visited this region are Cragin,.Hill, Prosser, Ward, and Stanton. All of 
these gentlemen have noticed the presence of Dakota-like boulders and ledges 
on many of the hills in the vicinity. To this rock Professor Cragin gave the 
name "Beeder sandgtone." In 1897 Dr. Lester F. Ward and the writer first 
worked out the relations of the Comanche to the superjacent beds. 

The Comanche of the region consists of two distinct formations. Resting 
uncontormably on the Red Beds is the Cheyenne sandstone, consisting of rather 
Sne-grained, variously colored sandstone with intercalated beds of shale, often 
carbonaceous, and containing an abundant flora, chiefly dicotyledonous. The 
extreme thickness of the Cheyenne ia between forty and fifty feet. Resting con- 
formably upon the Cheyenne is the Kiowa shale, a marine deposit consisting of 
about liiO feet of dark blue to black papyraceous shale, with occasional layers of 
soft, sandy ehale and of hard limestone, The fossils consist of invertebrates, 
including insects, numerous mollusks, and vertebrates, with reptilian forms pre- 
dominating. In the paper containing the results of the investigationa made in 
1807,*^' mentioned above, the term " Medicine Beds" was applied to a series of 
transition beds supposed to be intermediate between the Comanche and the 
Dakota, (See pi. IV.) 

At the time the paper wae written it was not koown that foesila were present 
in the beds. Doctor Stanton has since found shells which do not differ from 
those io the underlying Kiowa nearly as high as the Dakota. In view of this 
fact, it would, perbape, be better to discard the term "Medicine Beds" and class 
all the strata in either the Comanche or the Dakota, although the exact line of de- 
markstion can scarcely be drawn. This brief description of the Comanche of 
the Belvidere locality has been introduced here because of the fact that this ia 
tbo basal formation of the Cretaceous of the two states. The literature of the 
subject ia ample and will repay perusal." 

The best exposures of Dakota in this region are on the upper Medicine river, 
ten miles west of Belvidere and about the same distance south of Greensburg, 
Kan. The rock ia the typical brownish-red aandatone. containing great numbers 
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oonaretioaa. Rather poorlj pnmmi dko^ieda 
found IB a few ledges. Other espomuea of th« iKodBtanftkr* Kt Blae Cut 
tw aodoDe-half milea south of BelTidMc, uidoii the high hBI aoatfa of 
of tb* MKHcinn rWer, five mile* wvst of the ••me ptece- TheauMbtiMW w e««c7- 
wImn« ».>««m1 uQOODformablT bj the Tertttrj', uxl doobtkae extHtda under tUi 
Qorwing wvat to Clark ooautj And nortb to the Arkinio rirpr. 
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) I'uiinfy Iy>valilg.—Tii» gcoanl ha taiw of the CretMmm* of Ctarh 
(ifUiity <lu »i>t differ fmn tboe* of BAlridan, msttft thftt hen the CfaeyeBoe ia 
wttutlui. Th» bMtof the Kiowa reab oBranteaabtr n th» tnevvaly waded 
•Uihiwut the R«d Be^ IIm lo«ili «ad etntiKraphr of the Kiowm an T«>r 
■liulUr Ui the Belriden kKsh^. with the g M eptiBa lh«t in CInh eoaatr Oen ia 
>««i»ll>ai(rMl'"'P«>(*rtio«olar«««wMaBhatoiBtteiii»erlajw». The Kiovm 
at«ilM Miiward through the ■«• or kn imMODced tiuailkM beda into lb* 
lvi>|iiitl (lark-brovn acd Mack DakotaaMdahiae. Theovtcrapsof the Dtthota 
,wn. |i> a line from nortb««at to aorathweM for a diataim of t««al7 -Un. ttaa 

I W«lHo". Cb«tm«^ Big S«d.a«d »«« onka. a. far aa tha Little 

iMtn lDtJ.ewe-t«ni|«rtrftheB«at7. B«» «tto ert the S.e of •rtanp, 
-«1. .t f Itfht aogln. Prorea«)c Cragia rvported fort; IM of dark bn«B «ad- 
" '/ ™ the h«d of We« Bnr cneh. At the .a« pl.» Profc«w P, 
:r:W -"-?X> In 1998 Doctor W«d, Doct^ B»a.« «d th. , 



mftde h wctioa on Cbeyeone caflon, a tributary to upper Went Bear creek, In 
which the distance from tbe Kiona to the Tertiary was found to be H5 feet. Of 
this thickness, twenty-five feet was sandstone and the rest ciay shales. Iroo- 
Btoue concretions are abundant in ail parts of the formation, and by their pre' 
vailing dark-browD color render the slopes conspicuous tor long dietaaces. Id 
this locality leaves were found in nearly every horizon above the Kiowa, becom- 
ing more abundant in the upper layers. On the east bank of Cbatman creek, 
Dot more than a mile from Cheyenoe caRoD, the first leaves collected in tbe 
locality were found by Doctor Ward, in 1897 ; and from this place the best oollec- 
tiODS of the region have been obtained, although dicotyledons have been found 
in greater or leas abundance in every outcrop In the county. 

The Cimarron-iiear Lncatilf/. — Voder this head have been included a num- 
ber of isolated exposures of the Dakota in the extreme southwestern part of the 
state. These deposits of sandstone are cut off from the other outcrops of this 
group by more than 100 miles of Tertiary. It is alon^ the blulTs in the valleys 
of Bear ureek iwbiub must not be confused with Bear creek in Clark county I 
and the CimarroD river and their tributaries that tbe dark-brown sandstone out- 
crops. Point of Rooks, In Morton county, a line of bluffs on Bear creek, in 
StBDton couDty, aDd several exposures between tbe«e, on the North Fork of the 
Cimarron, are referred to (his group. The line of outcrops exleDds beyond the 
limits of the state into Colorado. For the most part, tbe rock is soft, rather light 
brown in color, and contains much clay shale. It is in demand tor building pur- 
poses only because it is the only rock found in the region. Leaves are reported 
from the bluffs of Bear creek, and persistent seart^h can scarcely tail to be re- 
warded Id a formation that is so uniformly fossiliferous. 

The Arkansas JJiier L'ica lily. —Along thB .\rkansas river, from Dodge City 
to Great Bend, a line of low bluffs runs parallel to the river on the north side. 
These bluffs are composed of Dakota sandstone, and are capped by the Tertiary. 
They are, in most places, from two to five miles back from the river: In one 
place only does the river wash the bluff. This is three miles east of Ford City. 
At but two points are the bluffs in any way ooDspicuous: at Pawnee Rock and at 
Jenkins bluff, near Larned. Pawnee rock, on tbe old Santa Fe trail, is a bold 
shoulder projecting into the valley. Tbe rock in this locality is quite bard, 
sometimes almost quartzitic, and is being blasted away to furnish building stone. 
Pawnee rock covers perhaps an acre, and the face of the cliff is some thirty feet 
high. From its top a narrow ridge runs back half a mile or more to tbe main 
line of bluffs. This spot is famous for the tales of terror connected with Indian 



Near Larned, on the north side of the Pawnee river, the sandstone forms a 
number of prominent bluffs.. The moat cooapicuous la Jenkins bluff, three 
mites west of the city, near the site of old Fort Larned. This hill Is about 150 
feet high, and exhibits the usual sequence of shales and sandstones. Fossil leaves 
are found both at this place and at Lamed. The sandstone bluffs extend for a 
number of miles up Pawnee river and Walnut creek, both of which enter tbe 
Arkansas from tbe north. Toward Great Bend the line of bluffs recedes from 
the river, and the sandstone tinally disappears beneath the Upper Cretaceous de- 
posits on the divide between the Arkansas and the Smoky Hill. 

Under this bead will be included all the region that drains into the Kansas 
river. The line of outcrops here, as in other localities, runs nortbeaat and south- 
west. Six principal tributaries of the Kaosas, flowing southeast, cut this U.^«s 
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apptaxiBata)7 st ri^t ■nglw, BcgiPBiBg on tbe amitli tbMS ■ 
Smokj Hill, SaCoe, Satomon, ItofwMiBMi, litlto Bli*e, asd ffig Bin*. Vkm 
thcybrMk Ihrooch tbcliMaf ldlk«Ua( tbew BtrMiM ban est ntlm nwm 
Tillers in tha ModatoMM and ifa«lM. In Utia npud the; an ia wked an» 
tiaat lo fincli iIiimiih o( the jiaiam aa tha ^iViimm. "iiiniiaiiili. Ptatto, «r Loop 
whicli haT« broad and riiallov TaUcT*. TUa area eonatittttaa tike waat ^jacai 
wctiaii of tba Dakota granp. It i* ber« alooe that tbe entiie thi^fc^M— ol aliMi 
bma tba uderiying Perauan to tlta ■aperiaouit Bentonmar ba aeea tbnM^aal 
aajr coaaUeraUe ana. Ttetopign^dlqral^diffennalenaUrfmB Aatofotfaai 
ncioBC It ia dtanelariiad b; bald dilla, flat-topiMd bottaa »ad maaM, aqtoan 
ifaonldeea aod ledges, iBterspetsad with steep ilopes and b«a and tliae iiaiiiia 
eafioea. This aagnlari^ ot topcgraphj ooDtrasta atraagetr with A9 gcatto 
ronoded Riopes o( the Bectoo or Peimiao. Tbe aoDditkns indicated obtain Itm 
the greater part of the ai««. Sooth of tbe Srookr Hill rii^r the Dakota ia cor 
and bj ifae Benton or b; tbe Tertia'7 ; and the aspentr of Unit and batto it 
much sqbdaed. The ^Line is trne of the cotmti? bMweeo the little Bloe bbc 
Big Blue riren, vhefs gUeial depMBta hate protruded, la this loeali^ tba oat 
etops aia oonfinad toblnSsDcar tbe streams wbenenKkm has i«Diot«d tba lata) 



Tba Bi«a nnder coDsidentmi is about 100 hundred miles long, witli an arar 
sga width of p«rfaapa tbirtr milea. The p««taat width ■• not ter from aixtr milaa 
estNHling from tba high bills in we aU m M».fy't eoantr, whare the base of tlM 
Dakota fifst appears, along tfas Smoky HiD river to a point in K>atliern Bo^bI 
coaotT. wber« tbe last trace et the Dakota disappears ODdcr the Benton. Tfau 
extreme width is due to two csaaes: tbe oallier o( the DalKita. which in Matioa 
eoant7 extends fv east of tba main bodj, and tbe long tongue of sandstone 
wbicb foUowa for a grsat distsnoe np this laliey of Ibe &nokT Hill. Similai 
tOAgnss Mlov ths Tallers of all tlia streams mcntioaed aboTe. On tbe o tt ei 
band, the riiortcat distance from tba ^naian is Icm than ten mileB, aa at Kvofc- 
Title, Kan., or on tbe state fine, aa mentioned abore. The outcrops of tbe D» 
kota io this ar«a oeeapgr portioaa of the following ceoiities: Barton, Ries, 
HcPbersoD, Harioa. EUswortb, Saline, lineolB, Ottawa. Mitchell, Cload. Oaj 
Bepublic, aad Washington. Kansas, and Jeffersoo and Gage, NebraAa. 



Sail Crr.th Lorftlitjf.—AU the exposures ot this iocalitr are in 1 
oouoty, Xebraaka, eic^t a few that are just across the Seward coun^ line nam 
FleasaDtdale. In DAtcIf ererf inataDce these expovoree occur on the bluffs ahmg 
the valleys of Salt creek and its Iribataries. Thej are usually quite l e ati j ci s j 
in am, often oocupjring but a lew huudred square yards. The greater part ol 
tbe outcrops occur within a few ntilw t^ Lincoln, although outlierB are found ai 
a diatauce of from l«n to twenty miles in erery din«tioii. Near Roca and Bat 
□ett. in Ibe soothsaatem part of the county, tbe Dakota is found within a fas 
feet of the Permian; althouf^ in no instance has actual contact been obserrad 
The most eastern exposure is at Bennett, where there is a thirty-foot vertical ctill 
ot the Dakota capped by ten feet of Drift boulders. 'See plate V. i The Carbon 
iferons ( or Fermian 1 limestone is exposed both north and south of the Dakoti 
on a leTel several feet higher than tbe lop of tbe Bandatooe. This fumidkaa 1 
good example of the couditiooB so often observed throughout the Dakota an« 
where the sandstone has been deposllsd in eroded hollows of the old Carboniftar 
ous floor. 

Wells in tbe vicinity ot Lincoln reach the Carboniferous limestone at a dapO 
of S70 feet. Tbe Benton limestone near Hllford is about 100 feet above th« aW 
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tude of LincolD, This would indicale tbnt the thickDess of the DakotB in thia 
locality is between 350 aod 400 feet, which agrees n-ell with the thickaeBfi m 
other locahtips. A recent publication by Mr. N. H. Darton. of the United States 
Geological Survey, givee a much more compreheusive report of the Laucaster 
inty outcrops." 

The PlatU LocaHl}/ .— Tbia Is the only locality ia the Nebraska area where 
the oonoonformity between the Carboniferous and the Dakota may be seen. The 
outcrops occur on both sides of the Platte rider, from Plattsmouth to Fremont, » 
distance of fifty miles. The fact of the extreme irregularity of pre- Cretaceous 
eroaioD is here well e.\emplified. One of many examples may be cited on the 
north side of the river, nearly opposite Louisville, where two InstaDoes of doq- 
conformity, not more thau a quarter of a mile apart, differ eighty feet ia altitude. 
The Diimeroue limestone quarries along the river usually exhibit more or less 
of the Dakota between the Carboniferous below and the glacial above. Id tbis 
case there are of course two nonconformities: the first between the Carbonifer- 
ous and Dakota, and the second between tbe Dakota and the drift, Often the 
lines of the two no a -conformities are but a. foot or two apart, indicating that 
during preglacial time the B^adstone was almost entirely removed by eroeioD. 
In other places the Dakota has all disappeared and the drift rests directly upon 
the unevenly eroded Carboniferous limestone. Again, the sandstone forme high 
cliffs, as at tbe Santee caves, opposite Ashland. Tbe most westerly exposure 
known in the locality is a small outcrop In the bluff where the west road leaves 
the river, two miles south of Fremont. 

The MUeourl Localilj/. — From Omaha to Ponca is 120 miles. Between 
these two places, along the bluffs on the west bank of the Missouri river, the 
Dakota is exposed almost constantly. In places tbe mantle of loess covers the 
sandstone to the depth of several feet, and tbe latter may not be exposed for 
miles. Usually, however, the more or less conspicuous outcrops may he seen 
half way up the slope. Not infrequently the presence of springs issuing from 
the loess indicate that the water-bearing Dakota lies just beneath the surface. 

Id the northern part of the locality, near Homer, Jackson, aod Ponca, the 
upper part of the bluffs are composed of Benton limestone. At the High banks, 
a mile north of Decatur, at Blackbird hill, and at the old mission, the Missouri 
washescliffsof Dakota sandstone. It was these bluffsstanding boldly out into the 
rivei that caught the attention of the earl; explorers. Much historical interest 
Attaches to these places. Tbis is not only the type locality of the Dakota, but ia 
also the region concerning which the early controversy waged, and the place 
where the question was finally settled. 

Big Sioux Local iti/.—Vndet this head are included the exposures east of 
the Missouri river, near Sioux City, Iowa. At Riverside park, on the east bank 
of the Big Sioux river, a mile from its mouth and three miles from Bloux City, 
the following section was taken illustrating the position of the beds: 

No.O. Loess lO-lOOfeeL 

No.5. Drift 5 " 

No. 4. Thin limestones and shales, Benton 6-10 " 

No. 3. Vellow, blue and gray shales and clays, containing 

shells and concretions BO " 

No. 2. Heavy ledge of sandstone containing leaves 15 " 

No. 1. Slope from Big Sioux river 20 " 

No. 3 is quarried for building stone and from No. 3 clay is obtained tor sev- 
eral brick and tile works. The expoeuresof both Dakota and Benton are said to 

K. WnUr Bap. aait IrrlgB. Papen, U. S. Ueol. Barv.. No. 12, pp. 18-19, 
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extend for a number of miles up the Big Sioui river. AtSiouiCityAnespomm 
ma; be aeeo at Proapect hill, a bold bluff on the back of the Mtaeouri. 

From this place the river crosseH the broftd valley aud etrikea the bluffs od 
the west Bide at the old missioo, some twenty miles beiow. On the east side the 
bluffs trend to the southeaat. A shoulder staudiog boldly out toward the river 
has received the name Sergeant's blulf, in honor o( Sergeant Floyd, a member 
of Lewis and Clarke's party, who was buried on its summit. It is on the face of 
this bluff that the Dakota clay, which is very similar to that at Sioui City, is 
being excavated for brick and tile. The exposure is a quarter of a mile long, and 
the total thickness of the beds is said to exceed fifty feet. A considerable por- 
tion, however, consists of sandstone arranged in lenses and pockets; and near 
the top is a rather heavy sandstone ledge. Numercus leaves are found in eome 
reddish-brown concretions scattered throughout the shales. 

For maps showing the exposures ot the Dakota in Kansas and Nebraska, 
reference is made to the University Geological Survey of Kansas, vol. II, pi. 
XLvii, for the Kansas areas, and to the Nineteenth Annual Report of the United ' 
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States Geolog-ical Survey, part IV, pi. lxxxii, for those of Nebraska. The 
first map is by Havrorth and the second by Darton. The foregoing reduced map 
of the two states is intended to show graphically the eiposuros throughout the 
eutire region discussed :d this article. The stippled portions indicate Dakota 

STRATIGRAPIIV. 

The line between the Paleozoic and the Mesozoic roclcs in Kansas and Ne- 
braska is one of uocooformity. The Triasaic and J urasaic rocka are totally waot- 
ing, unless they are represented in the upper part of the Red-beds of Kansas and 
Oklahoma.*" The Carboniferous rocks in the eastern part of the two states 
grade upward through the Permian to the point of unconformity. From this 
line the Cretaceous formations succeed each other !□ regular sequence to the 
western hmitaof the states, and far beyond. The rocks of both great eras, Paleo. 
zoic and Mesozoic, thicken to the south. On the Oklahoma lice there are some 
2200 feet of strata between the upper part of the Carboniferous and the base of 
the Cretaceous. At the Kansas-Nebraeka line there are not to exceed 200 feet, 
while at the mouth of the Platte river the Dakota rests directly upon the upper 
surface of the eroded Carboniferous. In the Betvidere region the Cretaceous 
rocks belon- the base of the Dakota measure 250 feet, in central Kansas they are 
not more than 100 feet thick, while at the Nebraska line the Dakota rests directly 
upon the Permiac, 

Id other words, there are on the Oklahoma line about 2.j00 feet of strata be- 
tween the top of the Carboniferous proper and the base of the Dakota, while on 
the Platte river these beds have been entirely eroded away and their place is rep- 
resented by a hiatus: the sandstones of the Dakota resting upon and filling up 
the hollows of the old Carboniferous floor. This fact was commectad upon by 
Doctor Hajden, who, although he had not all the facta at command, yet lays 
especial emphaeie on the uneven erosion of the Carlxjniferous during Triassio 
and Jurassic time. Beyond the limits of the territory discussed in this article 
the amount of pre- Cretaceous erosion is still more strongly marked. In Iowa the 
brown, leaf-bearing sandstone reeta uoconformably upon the middle, or perhaps 
the Ifower Carboniferous, and in Minnesota the Dakota is found in the hollows of 
the Trenton or even of the Cambrian. 

The superjacent strata are also quite varied. In the southern part of the area 
the Daiiota is covered with the Tertiary. In McPherson county, Kansas, the 
Equus beds cap the group south of the Smoky Hill river. From near the state 
lice throughout the entire state of Nebraska, all the older formations are covered 
with a mantle of glacial deposits. All of these rest unconformsbly upon the 
Dakota. From the Arkansas river to Iowa the Dakota is everywhere superseded 
conformably by the Benton and this by the Niobrara. 

Plate VII shows tbe relative position of the various formations contiguous to 
the Dakota iu Kansas and Nebraska. Continuous lines represent unconformity. 



A question which might prove a vexing one, did we permit ourselves to con- 
eider it such, is that of the line of separation of the Dakota from the sub- and 
superjacent Cretaceous groups. At first glance it would seem necessary that a 
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Sied line be drawn !□ order sharply to define the limits of the varioua formalionB. 
Thia, however, it seems dilflcult to do. 

It should be remembered that Doctor Hajden, who named and described the 
group, did Dot at that time kcow of the existence of older Cretaceous roclis in the 
west ; but supposed that the Dakota was tbe basal member of the Cretaceous 
and rested in al! places directly upon the Carboniferous or Permian. It is the 
presence of Lower Cretaceous formations immediately beneath the Dakota that 
seemingly complicates the problem, In regard to the upper limits of the group, 
Doctor Haydea frankl; admits that there ia great difflcutty In drawing the line 
between the Dakota and the Benton, becauseof the tact that both the stratigraphy 
and fossils of the two groups blend in numerous localities. In speaking of the 
espoaurea near Sioux City, he says: "Lithologically, it is impossible to draw the 
line between these formations here. No. 1 (Dakota) passes so imperceptibly 
into No. 2 (Benton), and No. 2 into 3 (Niobrara), that there ia no break, and yet 
I , their principal characteristics are very distinct. The first is a sandstone, the 
second a black, plastic clay, and the third a chalky limeetime: and yet I cannot 
tell the esact point where one commences and the other ends.'' 

If this be true tor the line between the Dakota and tbe Bentou, what shall be 
said of the base of tbe Dakota, where conditions are mucb more complicated? 
As far as the observations o( the writer go, it is rarely difficult, in any one of 
tbe dozens of localities be has visited in Kansas, Nebraska, and Iowa, to decide 
upon a line of separation, at least approximately, between the Dakota and tbe 
Benton. The sandstones of the former group gradually thin out, yellowish 
arenaceous shales become prominent, these become darker and more argillaceous, 
and are succeeded, at a distance of from fifty to eighty fpet above the last sand- 
atone, by the typical fnoceramiis limestone so characteristic of the Benton, 

The conditions at the point of separation of the Comanche and Dakota are 
quite different. In tbe localities where the best exposures of rocks of both these 
series occur, Belvidere, and Clark county, Kansas, the upper member of the 
Comanche, known as the Kiowa shale, consists of about IfiO feet of dark, papyra- 
ceous Ehale, usually becoming arenaceous above. This shale contains a charac- 
teristic marine fauna, both vertebrate and invertebrate, which is frequently less 
abundant in the upper layers. Before the fossils disappear, tbe shales are, in 
places, superseded by ledges of sandstone more or less massive, and as much as 
fifty feet thick. In other places no fossils are found above the shales. The 
sandstone ledges become more pronounced and soon begin to contain a dicoty- 
ledonous flora. 

In central Kansas similar conditions obtain. As has been stated, in this 
region the rock* which occupy the lower part of the Cretaceous groups were first 
classed as Triassic, then Jurassic, then Dakota, then called "Mentor beds"; 
and are now recognized as representing the northern limit of tbe Comanche or 
Belviderean sea. Faleontologically, these measures dllTer but little from the 
Kiowa of southern Kansas. Stratigraphically, the rock is very like the Dakota, 
or, rather. It combines the characters of tbe Kiowa and Dakota. In a section 
taken near Marquette, Kan., which is probably typical as regards stratigraphy. 
Itiere are twenty-nine feet of sandstone and seventy-six feet of shale.'' The 
shale predominates in the lower part of the section, where It is very like the 
Kiowa. Above, sandstones occupy the greater part of the thickness. The upper 
Stratum in the section is a heavy ledge of rather hard, dark-brown sandstone, 
which contains an abundant Mentor fauna, of which Doctor Stanton has recog- 
nized twenty-two forms. Fifty feet below tbia ledge is a layer of aoft sandstone 
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coDtaioiiig Dakota le«Tea. From this led^ the following specie« hare been reooK- 
nized: SlercuUa ap., Eucalyi>tu» dakoteneU Li., Mjjrica Innga Li., Salix 
proleafolia Li., Sequoia sp,, Satna/rai cretaceum Newb., Saua/raa 
madgel Ll. 

It is the fact of the overlapptoK of the Dakota leaTee and the Comanche ahells 
that e«eiuiDg:lf complicates the problem of the Uoe of aeparatioci, which, from the 
standpoint of attatigraphy alone, is Bufficientlf veiicg. 

Professor Mudge states that he found shells and leaves in the eanie ledge. 
This condition has not been noticed b; the writer, but there is no reason to 
doubt the correctness of the statement. The Kiowa and ita e^noDTm. the Mentor, 
are evidentlj deep-sea deposits. At the close of Comanche time, aad especially 
in the northern part of the area, the sea bottom was probably raised nearly out 
of the water. Many islands appeared. Numerous inlets, bays, bayous and 
laeooQs were formed. Neither was the elaTation constant. [>epre«sioDS occurred, 
and marine tihel Is fiourished In the deeper bays. South of Mentor, Saline countr, 
there is a ledge of oyster sheila two feet thick. In the brackish, and fresh-water 
laeooDS and inlets such forms as I'uio predominate. A locality five miles north 
of Saltna yields only fresh- and brackish -water forms. The islands tiere covered 
with dicotyledonous trees. The leaves blown off by the wind or falling in the 
course of nature were washed about by the tides and currents, Bometimea being 
deposited near the shore, and again being carried into deep water. As the land 
was raised more and more the marine shells gradually perished, and only breck- 
ish-waler forma remained. These are occaaionaily found throughout the entire 
grouj). Id the upper part of the formation, after something like 300 feet of 
strata had been deposited, the increasing number of invertebrates, as well sa 
sach litbological phenomena as saliferous shales and llgnitee. herald the sub- 
Mdence of the surface preparatory to Benton sedimenUilioti. This group con- 
tains a marine fauna quite distinct from that of the Comanche. 

As was remarked above, in the southern Kansas areas the question is con- 
■ideimbly simplified. The Kiowa grades upward through a series □! beds more 
or leai tiADsitional in character into the true leaf-bearing Dakota. As far as 
known, the thickness of the strata, from the upper layer yielding invertebrates to 
to tbe lowest sandstoue containing leaves, is nearly 100 feet. Doctor Waitl. ■ 
rightly considers these transition beds the true base of the Dakota group, 
would be equally true of the central Kansas region. The fact of the overlappi 
of the fossils may be considered accidental, or rather incidental, depending o 
the peculiar conditions surrounding the deposition of the material. 

In view of these facte, it does not seem either necessary, expedient, or pi 
in the present state of our knowledge, to fix an arbitrary line of seperatkin b 
tween the Comanche and the Dakota. Tbe conditions, as outlined above, ) 
such that such an attempt at a fixed demarkation limit is at least impracti 
Taking Meek and Hayden's classic section as a tn-iterion, the base of the E 
would probably be placed at the lowest sandstone ledge. The invertebrate p 
ontologtsC might be templed to squeeze the Dakota into the narrow I 
tween the shell-bearing horizons, tbe one at the base and the other in [ 
part of the group; and, on the discover; of shell beds throughout the ft 
to draw a line near the middle of the group, and, calling all below this hne C 
manche and all above Benlon, to eliminate the Dakota entirely. Tbe vertebratftil 
paleontologist wonld probably draw the upper limit of the Comanche at th«^ 
highest Btraltim yielding vertebrate remaine. The phytopaleontologisl may p 
bape be pardoned for insisting that tbe lines of demarkation of a group cbarao- J 
t«rized almost eidaatvelT by plant tonila be determined by the same criteria. 
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To the cursory observer traveliag throug'h central Kacsas or along the 
"Bench road" trom Tekamah to Decatur. Neb,, it might appear that eaDdatoDe 
ledges occupied the greater part of the Dakota group. The most conspiouous 
objects are bold sud rugged shoulders, buttresses, and clilTj of massive sandetoiie. 
This saudstone is of all shades of color, from gray to black, with brownish red 
predomiuatiog. The ledges may. in fact, be traced (or miles, forming the escarp- 
meut of a ridge or outcropping as n definite ledge along the aide of a bluff. 
Such geologists as Rayden and Capeilini seemingly tailed to recognize the tact, 
or at least did cot record it, that tbe greater part ot the Dakota group is oot 
sandstone, but coDsists ot sandstones and shales. At a conservative estimate, 
at least two-thirds Of the rock of tbe group is not sandstone. It is true that iu 
man; places they are strongly arenaceous, but not enough so to coDstitute them 
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The shales and clays of the Dakota vary much both in texture and oolor, 
Not infrequently they are black and papyraceous, reminding one very much of 
the Kiowa. Usually, however, they are white, blue, or yellow, with many bands 
ot red or green. A. Dakota clay bank ordinarily presents a variety of colors. 
The darker shales are usually more highly argillaceous; while the lighter colors, 
such OS yellow and gray, indicate a greater amount of sand. Another fact that 
should not be allowed to escape notice in a ayatematic study ot the group is tbe 
non-continuity of both sandstones and shales. There are almost no persistent 
ledges of hard rock with shales between, as is the case in cither tbe Permian or 
Benton. For example, the Cottonwood limestone, near the top of the Carbon- 
iferous, is peraiatent tor over 200 miles; and in the Benton the "fence-post 
limestone" may be traced perhaps half as far. Nothing like this occurs in 
tbe Dakota, It is true that in a few Instances pronounced ledges may be traced 
across one or two counties. As examples may be cited tbe ledge along the 
Missouri riverbelow Sioux City : also the ledge which cape the Smoky Hill buttea 
and Soldier Cap mound, in Saline county, Kansas, and forms the escarpment 
aloDg Spring creek, above Brookville, as far as tbe Ellsworth county line, (See 
plate VIII.) Even these ledges, however, which are exceptions to the general 
rule, vary much in thickness. 

Throughout the group the sandstone is not constant in lithological quaUties. 
It represents all degrees of hardness, from very soft sand, which may be crushed 
with the fingers, to the hard, brittle, clay-ironstone concretions, which turn the 
edge of the hardest steel. A bank of argillaceous shale will oftentimes become 
arenaceous, change to soft saDdstone, and this, in turn, become hard enough to 
form conspicuous ledges; all in less than 100 yards. Not infrequently these 
chaoges raay be observed several times in the course of a few miles, the ledges 
appearing and disappearing with no apparent regularity. 

Massive and conspicuous ledges are not uncommon. Doctor Hayden assigns 
to the ledge above Blackbird mission tbe thickness of from sixty to eighty feet. 
At Tekamah, Neb., it is over fifty feet from the bed of Tekamab creek to the top 
of the railroad cut; and the entire thickness is through the coarse, dark brown 
sandstone. At the Santee caves, on the Platte, a sixty-five foot ledge is exposed. 
On Mulberry creek, in eastern Ellsworth county, Kansas, a mile east ot the 
famous cave section, a ledge measures seventy feet; and at the mouth ot Alum 
creek, ten miles south, is one nearly as thick. These, however, are exceptions. 
Ten feet would, perhaps, be a fair average for the thickness of Dakota ledges. 

The strata of clays and shales are usually much thicker ; but because ot tbe 
fact that they are composed of softer material are more easily denuded, A 
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covered grassy slope is orditmril; indicative of & ehale bed : ftnd it is bat B 
sary to notice how large a per cent, of tbe Dakota ares is occupied by tbeaa 
covered slopes, in order to get a tolerably correct idea of tbe amount of Hh&Ijr 
o^aterial contained in the group. It is bacauae of the fact that the sh&le i 
covered that it baa so peisiBtently escaped notice. It should, perhaps, also be 
noticed in this connection that in many, perhaps most, oases tbeee covered 
slopes are strewn with boulders sud fragments of rock from tbe ledges abova. 
These often give the slope tbe appearance of a rooky ledge, when tbe underlyioB 
strata consist of sbale and clay. 

Mr. Logan diatinguiabes two general groups in the Dakota: a lower or ferru- 
ginous group, and an upper or ealiferous group. The upper group is divided 
into a lignite horizon, a salt-marsh horizon, and a gypsiferons horizon.*" It is 
not the understanding of the writer that Mr. Logan intended these as geoeral 
diviaions of the entire group, but rather tor that part which he studied, viz., the 
area between the Smoky Hill and the Republican rivers. Tbe conditions ooted 
by Mr. Logan obtain for the region described by bim, but are not charaoteristic 
of the entire group. Sallferoua shales and lignites aeem to be found rather mor« 
abundantly in tbe upper than in tbe lower beda: but even this statement must 
be considered general rather than speciiia. After four years spent in studying 
tbe various borizoca, from Ukiahoma to Minnesota, tbe writer is relnotantlr 
forced to the conclusion that any persistent or general division of tbe Dakota 
group is not only impracticable, but. In tbe light of our present knowledge, im- 
possible. That he would prefer it otherwise will be apparent from the discussion 
of tbe flora of tbe group. In this connection a quotation from Doctor Lesque- 
reui seems pertinent : 

". , . The whole group bears, with scarcely any change in the nature and 
compound of its strata, tne same essential character, froui the lowest strata to tbe 
line of coBJunction with the Fort Benton above it. . . , The compound ia 
essentially the same in the whole thickness and in the whole extent, varying only 
in the degree of hardness, compactness, and red coloring resulting from tbe dif- ■ 
ferent proportions of oiide of iron with which it is impregnated,"* ^ 



There has been no little diversity of opinion regarding the origin of tbe ma- 
terial, and especially tbe conditions incident to the deposition of the Dakota 
group. Professors Cspellini and Marcou considered tbe formation a freah-wator 
deposit. This was due to the small proportion of calcium contained in tbe rock, 
as well as the general paucity of marine (osails. Meek and Hayden. who bad 
better opportunities for observation, considered the beds marine ; and in proof of 
their position cited the presence of a few marine icvertebralea in the upper beds 
at Sioux City. 

The fossila found in Kansas in what are now known to be Lower CretaoeouB 
horizons were also taken as evidence that the beds were of marine origin. Doctor 
White, on tbe contrary, was disposed to consider the group In general as oon- 
marine. There are grave difiicultiea In either position. The eitent of the gnoup 
and the homogeneity of its constituent parts would seem to vitiate tbe theory of 
fresh-water origin. It is very unlikely that a fresh-water deposit would cover an 
area tbe size of the Dakota. On the other hand, tbe dicotyledonous flora, tbe 
absence of limestone and the extreme scarcity of marine shells throughout the 
greater part of tbe group preclude tbe idea of deep-sea deposits. Both of tbesa 
views being untenable, another must be sought. 



I 

I 



r 




^H 


r 


I^^^^^H 


^^^^^^^Hm 


H 


1 


^^^^^^^^^^^^H 


^^^^^^^^^^^^^^^HlH 


^^1 


£ 
























1 


^^^^^^^H 


^^^^^^^^^■r 


H 


& 








!• 








1 


^^^^^^1 


^^^^^^^^ 


■ 


















f 


^^^^^^1 


^^^^^^^r 


■ 


1 


^^^^^1 


^^^^^^B 


H 


! 


^^^^^^^H 


^^^^^^^^^r 


H 




^^^^^^1 


^^^^^^^F' 


■ 


§ 


^^^^^^^^H 


^^^^^^^^^^r 


H 










§ 








H 








S 


^^^^^^^^^^H 


^^^^^^^^^^r . 


^1 


s 






^H 


4 


^^B^Tl 


; 31^ jtHy 




^ 




P^^^ 


1 


































































•0 


^^^^^^^^H 


^^Bjjr 


^1 


1 


^^^^^^^^^^1 


^^^^Hr 


^1 


5" 
























h 


l^^^^^^^^^^l 


^B 


J 


^ 





GEOLOGY AND PALEONTOLOOy, 



]45 



I 

I 



Doctor Laaquereux, nearly thirty years ago, promulgat&d a tbeorj to account 
for tbeae beds, wbich to the miod of the writer is the most reasonable of any yet 
advancad. It will bo given in a Eomewhat abbreviated form id the language of 
the noted author, After pointinR out the resemblance of the Dakota to certain 
aandstones of DevaDiaa aod CarboDiterous agea, Doctor Lesquereux eays: 

"Tbe origin of these groups of eandatone is tbe same, to roy belief at least. 
They are beach formations, like those in progress at the present time along the 
shores of tbe North Sea, in Holland and Belgium, where the widely extended, 
muddy shores are formed of a soft substance of the same red color. As I have had 
opportunity to examine it, it is a mixture of small grains of sand, brought from 
the sea with the mud deposits, carried by rivera of long course, after traversing 
flat countries. By slow deposition it constitutes low shores, successively washed 
by the tides, which of course recede or advance farther in proportion to the slow 
upheaval or depression of the land. Marine animals, tbe shells especially, are 
very rare in a formation of this kind."* 

Then foliowB a short discussion of tbe leaves of the Dakota, from which the 
conclusion Is drawti that the easential types of the vegetation are those of low 
islands and shores, rather than of bills and dry land. In speaking of the origin 
of the leaves, he remarks: 

". . . The Cretaceous leaves have been derived from trees or groups of 
trees growing in the vicinity of muddy Iwttoms, where they have been buried 
and fossilized. . . . The deposits seem to have been local, dependent upon 
circumstances. There must have been, necessarily, an arm of the sea, with soft, 
sandy mud, bordered by the adjoining dry land covered with a forest. The 
characteristics of the local deposJtH indicate that the forests were on small 
islands scattered over the Crstaceous sea." 

". . . The formation of the Dakota group is the result of muddy flats 
whose surface, raised [tetbaps in hillocks above water limits, and already solid 
ground, was cut like an inunense swamp, here and there interspersed by rare 
groups of trees and bushes. Of course tbe main portion of this surface was sub- 
ject to continuous change in the successive modifications resulting from the 
heaping and displacement of matter by water, and thus tbe leaves were dis- 
tributed either at tbe same place but at different levels, or at the same level but 
at ditTerent localities." 



investigations in the field but 



To this it seems necessary to add that r 
onfirm the accuracy of the theory. 



While the ordinary characters of Dakota stratigraphy are those described, 
jet throughout the group there are departures from the normal form that de- 
serve especial notice. These peculiar forms may be confined to special localities, 
or, as in the case of nodular concretions, may be distributed throughout the en- 
tire group. These concretions vary greatly in form, size, and color. Oftentimes 
they are small and box-shaped, with angular corners and edges, an inch or two 
across, with a predominating dark-brown color. They break with a concboidal 
fracture, exposing cutting edges. The enclosed cavity is usually filled with 
white or cream-colored clay, More frequently, perhaps, the concretions are 
spherical or geodic in structure, and when broken form hallow, bowl-shaped 
vessels. Not infrequently these lie scattered over the surface, forming reservoirs 
in which rain-water collects. Very often the concretions are solid, varying in 
size from that of a pea to that of a baseball. These may be found either sohtar; 
or cemented into clusters. Sometimes these clusters will be grouped together, 
resembling a bunch of grapes; or perhaps but two will be joined, something 
after the manner of a double walnut. 
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Id many places in the heavier ledges the coacretionarj strut 
^gantic proportiooB. The; are often twisted and crumpled into grotesque aod 
fantastic sbapee. These forms are so radically different from aoything else in 
the region that to the common miod thej suggest ^'olcanic action, and the geolo- 
gist is often wearied icith erplainlDg to the farmers along the line of outcrops 
that neither volcacoes nor earthquakes bad anything to do with these peculiar 
forms. Some of these concretions are as much as ten feet in diameter, and con- 
sist of a series of dome-shaped layers from one to tiro inches thicif, arranged one 
within the other. These layers are often in direct contact; or again they may 
lie separated by several inches. Not infrequently the inner layers have disap- 
peared by concentric decom position, and only the outer shell remains, often 
forming a cave in which a man may stand upright. 

These moaaee of clay ironstone are often found in the form of streaks or 
bands throughout the sandstone, usually following the line of ftratificatioa. 
The box shaped and spherical concretions described above are ordinarily found 
in the clay banks, but sometimes occur in the sandstone. Doctor Hayden eri- 
dently referred to these concretionary bands when he said: "There are also 
some Beams of iron ore, which, when broken with a hammer, gave forth a Eound 
much like that from old pot metal. It is reaily a pretty fair iron ore, but quite 
silicioua and impure." 

The theory of the origin of concretionary structure seems at the present time 
to be rather indefinite. This article makes no attempt at an explanation of these 
most interesting phenomena. It is a question that calls for persistent and sys- 
tematic research; and it is to be hoped that some competent investigator may 
shortly give it his attention. When this shall be done the Dakota group will 
supply an abundance of material. 

Throughout the Dakota area there are numerous peculiar forms of eroson. 
Castles, chimneys, towers and forts are some of the popular names with which 
these marked forms are designated. Pulpit rocks, near Carnsiro, and Eock City, 
southwest of Minneapolis, Kan., are perhaps, the most striking forme. The 
pulpit rocks are on Alum creek, a mile south of Cameiro, Ellsworth county, Kan- 
saa. At this place a ledge of rather hard gray sandstone rests on a much softer 
ledge. Along the side of the hill the softer ledge naturally weathers away more 
rapidly. The upper and harder layer is in most places entirely removed , but in a 
few nases it persists in the form of large, irregular, spheroid masses, bearing not a 
little resemblance in shape to the large puffball of the prairies. Some of these 
rock mosses are twenty feet in diameter and fifteen feet high. They are usually ■ 
found lying flat on the ground, but are sometimes tilted or even on edge. In ■ J 
tew cases there is left a pedestal of the underlying soft sandstone, supporting a 
mass of rock many times Us own size. In such case the similarity to a puff ball is 
still more strongly marked. One might almost Imagine that the fungus, stalk 
and all, hod simply increased in size until it bad reached its present gigantic 
proportions, and had then been petrified. The largest of these pulpit rocks has 
a pedestal twelve feet high and not more than six feet across at the top, on wbicli , 
is supported a globular mass of sandstone fifteen feet high and twenty feet la ' 
diameter. iSee plates IX, X.) The marked straliflcatioD of the upper layer ' 
gives to the rounded mass a peculiar appearance, not unlike that of jelly-cake. < 
This harder ledge may be seen outcropping on a number of hills in the vicinity ; > 
but in no other locality are the marked forms of erosion so conspicuous as at the 
spot just described. 

Rock City, five miles from Minneapolis, Kan., consists of several hundred 
rock masses very like those at Carnetro, except that here the pedestals are 
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LDcl the balls rest directif upon the grouad. The; cover a space of per- 
haps tivo aorea; and when aeea from a distance present the appearance of a miJi- 
tar; encampment, or even of a city, whence the name. The masses are ordinaril; 
globular, from fifteen to twenty feet io diameter, and have the general appearance 
of an Eskimo hut. They are often so close together that a parson may step from 
one to the other. In some places are passsgewBya wide enough for a, wagon to 
pass through. All stages of formation and erosion may be aeea, from the stage 
where the top of h boulder is just protruding from a bank, through forms that 
are only half uncovered, and complete globes, to those that have fallen to pieces 
and are weattiering away. Table rock, in Lincoln county, Kansas, until recently 
exhibited the same iiecu liar! ties ot form that are seen in Pulpit rock to-day, 
but has now fallen down. {See plate XI,] These are all pronounced erosion 
forms; and as such are of more than usual interest both to the geologist and to 
the ordinary observer. 

Id lithological character the bard ledges mentioned above approach a quartz- 
ite. There are sereral such ledges tn the Dakota. In eastern Saline and north- 
ern Mcpherson counties, Kansas, quartzlte boulders are not iDfrequent. Doctor 
Harden refers to Dumeroiis layers from one to (our feet thick, of a very compact, 
e quartzile, at the Blackbird miaaion, Nebraska. Doctor Barbour and the 
writer, in October, 1B90, visited a ledge of extremely hard and massive quartzite- 
like rock five miles northwest of Fairbury, Jefferson county, Nebraska. This 
ledge is gray in color, and consists of very tine grains ot sand cemeoted with cal- 
cium. These ledges all produce an excellent building stone, and will be discussed 
more in detail under "Economic Phase." 

One of the most peculiar forms of Dakota stratigraphy is found in the gravel- 
beds on the Platte river, at Cedar Creek and Springfield, Neb. At this point 
the Dakota rests on the unevenly eroded surface of the Carboniferous, The line 
of contact between the two groups sometimes differs as much as seventy'flve 
feet in elevation in a few hundred yards. In those long-gone Mesozoic times lh« 
hills were evidently as high and the hollows as deep as those of the present time. 
It is in one ot the lowest of these hollows that the gravel-bed has been deposited. 
The best exposure is a mile west of Cedar Creek, at which place the railroad has 
run a spur along the base of the hill for the purpose of obtaining gravel. The 
lower twenty Feet of the Dakota consists of an extremely hard conglomerate, ar' 
ranged in layers, which are usually cross-bedded and interspersed between ledges 
of typical brown sandstone. The conglomerate is composed of hard, water-worn 
pebbles of quarts, feldspar, granite, etc., varying in size from fine sand to the 
size of a walnut. These pebbles are cemented together by silicon into a rock 
which is so hard as to be broken with great difficulty. The form and color is so 
peculiar as to obtain for it the characteristic name "peanut rock." Above the 
hard conglomerate at the base of the group is found from twenty to forty feet of 
loose gravel and sand. It differs from the lower ledge chiefly in the size of the 
pebbles and the relatively smaller amount of cementing material. The pebblea 
are rarely larger than pigeons' eggs, and are so loosely cemented together that 
the material may often be removed with a scraper. The bank shows all grada- 
tions from coarse gravel to very fine sand, and is in most places more or less 
cross-bedded. There are some ledges ot typical Dakota sandstone and a few 
fragments of silicified wood, but no leaf remains have been found. 

It is probable that the graveltmds mark the location of an ancient Dakota 
The lines of cross-bedding usually incline toward the southwest, indicat- 
ing that the current came from the northeast, which agrees with our ideas of the 
L origin of Dakota deposits. It is a matter of common observation that, whllo 
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nood is often fossilised io flowing atreams, leaves are almost never pnaemd 
under sucb conditioae. Id fact, it has attnoat became a paleobotanical asiom 
that coDditioEia which preserved leaves did not preserve wood, and vice versa. 
The theory that these deposits represent a river lied seems Btrengthened bj" the 
fact that several exposures are found in a line extending northeast and southwest 
on both aides of the Platte, while "peanut rock" is not kuown in the group out- 
aide of the locality just described. 

ECONOMIC PHASE. I 



a products will be dis- 
, claya, coal, sand aod gravel. 
to these products when it is re- 
;cupied by the Dakota, materiala 
t a few instances the Dakota is 
lets are consequently greatly en- 



The region of Dakota outcrops is by no means the most fertile ic the stat«s in 
which the group is located. The reasons for this fact are several. The oounlry 
itself is usually too rocky to admit of cultivatiou, except in the valleys. Again, 
the soil is often rather light, owing to the presence of so large an amount of sand. 
The cultivated fields on the slopes wash badly, and in maay cases have been per- 
mitted to revert to their original condition of grass- covered prairie. Aaa grazing 
country it has no superior in the West. 

The rooks of the Dakota group, however, turniah a variety of products of 
economic value. These are distributed throughout the entire region, and are in 
maay places a source of a very considerable 
cussed in the following order: Building s 
More than ordinary importance will be attached 
meml)ered that in a prairie country, auch as is oi 
of this character are comparatively rare. In nc 
the only rock found. In such regions its prodi 
haoced. 

The sandstone ledges so common in the Dakota are quarried in numaroue lo- 
calities in both Eansae and Nebraska. Nevertheless, in proportion to the 
amount of available material the Dakota ia uaed to only a limited extent. The 
reasons for this are several. Of these, but two will be discussed in this oonneo- 

Firft. As a rule the Dakota Bandstoue ia not desirable building material. 
Representing; all degrees of hardaese from the very hard clay ironstone and 
quartzite-iike rock, which ia so hard as to turn the edge of the best tools, to the 
•oft sand scarcely cemented together, the Ktone is either too hard to be dressed 
or too soft to resist weathering. Another objection is the absence of even frac- 
-tuTS in Ibe stone. Moat of the ledges are croas-bedded, and. in quarrying, it 
is almost impossible to obtain anything like symmetrical blocks, the bedding 
plane being at all sorts of angles except right angles. Again, the color of the 
atone is often urged as an objection lo its use for building purix)Sea. The amount 
of iron in the varioua ledges even in the same quarry is rarely constant, and the 
irregular streaks and blotches of brown, red and yellow in the walls of buildinga 
present anything but an artistic effect. 

Second. With exception of the southern Kansas region and the Missouri 
locality, there ia scarcely a place in the two states where either the Carbonif- 
erous, Permian, or Benton limestones do not outcrop within a few miles. Usually 
it is but a short distance to quarries of one or both of these formations, yielding 
excellent building stone. As the limestone is more easily worked, is more dura- 
ble, and presents a more artistic appearance than the sandstone, it Is often hauled 
within Dakota areas and even past quarries of Dakota sandstone. This may be 
observed in Cloud and Washington counties, Kansas, and Jefferson county. Ne- 
braska. 
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NotwithBtftodiDg these facts, there are hundred^of buildiDgs aloDg the lice of 
outcroiie coDBtructed of the sandstone. The group roigbt be tnced from Okla- 
homa to South Dakota by obaervicg buildiogB alooe. Stooe feacee, corrals, aad 
foundations throughout aertain sectione are constructed almoat eioluaively of 
this material. But the use of the sandstone is not confined to the leeser atruc- 
turee. Dwellinge, railroad depote, busineea blocks and sohoolbouses are built of 
the Dakota. Borne of the towns in wbiirh mnj' be seeo buildings of this stone 
are: Lamed, Pan-nee Rock, Great Bend, Ellincvood, Elleworth, KaDopolis, 
Brookville, Glasco. Concordia, and Washington, Kan. ; and Fairbury, Endicott, 
Beatrice, Lincoln, Ashland, Louisville, Tekamah, Homer, and Dakota City, 
Neb. If limestones were not bo plentiful the number would be greatly increased. 
It is a noticeable fact that this sandstone is rarely shipped by rail. 

There are, however, several localities ia the irroup tvbere valuable building 
stone may be obtained. The best of this stone ia from the iguartzite ledges men- 
tioned under "Stratigraphy." So far as known, there are three outcrops of the 
qiiartzite, in widely separated localities in the Dakota. The quartzite-like bould- 
ers in the vicinity of Balina, Kan., and thence flFteen to twenty miles sontbeaBti 
mentioned by Doctor Beede," will furnish an almost inexhaustible supply of the 
beat of building material. The principal objection to its use is its extreme hard- 
ness, which only argues in its favor. The last time the writer visited Salina (in 
1898), the quartzite near the old mill in the southeast part of the city was being 
removed for building purposes. 

A ledge on Whisky run, five miles northwest of Fairbury. Jefferson county, 
Nebraska, is composed of very bard, gray, i;uartzite-llke rock. The exposures 
occur along the sides of a ravine, and where seen were some four feet thick. 
The stone contains numerous finely preserved dicotyledons and wood fibers. 
There are also some pockets of iron pyritea, but scarcely enough to detract from 
ihe value of the material as a building stone. The rock from this ledge has been 
used in the construction of several farm buildings: but it is in bad repute among 
local stone-masons on account of its extreme hardness. It is the beet building 
stone known In the state, and when developed promises to become an important 
economic (actor. The bard ledge near Blackbird mission, on the Omaba reser- 
vation, mentioned by Doctor Hayden, is very like the Whisky run stone, but is 
not quite so hard. The old Presbyterian mission building, a largo four-story 
structure, constructed of this stone fifty years ago, seems aa solid to-day aa 
when it was completed, and bids fair to stand for centuries. The ledges from 
which the rock was obtained are from one to four feet thick. Several other 
ledges along the bluffs back of Dakota City furnish rock of about the same 
character. 

There is no reason why material from the quarries just described should not 
take the place of Wisconsin and Colorado stone in eastern Kansas and Nebraska. 
In appearance, durability, and general utility it is the equal of any that ia being 
shipped into these states; and the supply is practically inexhaustible. Nothing 
Is needed but the development of the quarries. 

Clays and shales occupy Che greater part of the Dakota group. The term 
Dakota "sandstone," by which the group Is known, is clearly a misnomer. The 
sandstones, being harder, resist denudation and by iheir uneven weathering give 
forms throughout the Dakota area. It is rare that the clays . 
and shales are to be observed when passing through the region of outcrops; 
while the sandstone ledges are everywhere conspicuous. The ledges of shalo 
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cMoallf msUwr tato gmtV ilopnu «blcb ■•« alAcwt aaitormif g 
Mosljr ■I'Kiff lb* «t««p bM>lm of fbiMiM or In wtlflptol vspoavm* Moh ■• 
road rate llMit tTp'^*' g*pownw of thm eta* amy he nnn. It ia tfas ofiBia 
tb* wrtVT. after haviof ftodM tba grmtp in thmwuxia of ■ yp w u i w . w 
ataUa, that at tinat iwo-ttaitd* of Um rock ooaaim of dsya and <nlaa 

Th« rbar»etmr of tble OMlertai m bj no tsaMta eanaaot. PitMi • ratf 
naewma «<i«t«. «f Ui ib« praraillR* ^Uowfidi-browB eolor, it gndfladuaogh n 
tlM IcM aod laaa mitdy: unlil floaltj in oot • few pUoN n 
Msd alBoa* Mack p«]^raMMM ttali-a and eli 
yeamum Uwmv of tfa« narlDs Kiomn. Betwcm Iboa two e 
MufleM nrlaOaw omI rAadaa; iriUt nd. pink, rallanr. enun 
DftUfifr. Oft«DtinM all ttMse oolora may ti« saeo in th« iwtia day b«ak. !!(otia~ 
freir)ii«i)tly tbin, leatfaMkar ImIscb of auiilstona or enacrMkiBa of r ari ona Aapaa 
aod sliM* an» Mand«nih^dr<l in tb* sfaala. Tb«a0 cnocrattMia, banr nonwally 
ot a dark rnlitialt-hTmni oolor, and breaking with a wnrboidal ftaatma, oAan 
nndor tbn alnp** onnoptcimoaly bmwn. Thia <tlsy ia ptobafalr dn^ptai to b»- 
eoma Uip immii valaabl^ «<<oanmic prodtxitof tlt«OalMM. Tbslarga and rmmA 
amoaDt of ifOQ OMitainad m it, wbicb naoaaa tb» iUffiiiiaillatiiiii of aakH% imm^ 
aCitnCM it a T«ry superior brtck and liie <day. Tba pottery prodnon am mimi ok- 
eaptionally flna. 

lo a number of kicai)ti*« brick- works which obtain (heir oiataria] bnatllBkote 
clay banka arv m opnrstion : aod when experience ofaall baT« danwrtratrd Ito 
aupertority 4f Um> prnduAta thwnplanunui botincreaaa. Tbe modaBiaa itf dw 
Dakota, aa baa boeo sbown, c»o o^er bava more than a lootl ralae. Coal ia 
liraitad in ^loanttty and poor in i]iiality, Mnd ia fonad elaawbei*. and graral ia 
not plentrfal in tkiaformatioo. The clay, on the otli«r hand, being; inrthaiiilHilii 
aadof aseoUaot qoality, will bewronght mareaod mora and the prodn et a AJ pped 
to dMaat iMialltlM. 

Tbe Vaakee Hill Brick and Pa^iag Company operataa a plant tbraa milaa 
anathwaet of Lincoln, S«b., whicb may imn« aa a typical repreaentatiTC of tbm 
brteh-worka of th« I>iikotA area. Tbe clay is is ihiacaseobtainedfrom a horizoa 
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Jlo.6. Soil Sfaat. 

Ifo..'.. fr^eea W ■• 

!»».*. Drift Lfraldera and pebblaa 2 " 

Nn. 3. YAfi"wi*h , aaody clay. known aa " bastard fire-clay ".. 3 ■■ 

No. M. Ketl, j'ir.k awl whll*mottl»id clay 15 " 

Nil. I. Hl»*k, l.lue (fray clay ehale 10 " 

A hntulrMl yaril« rr'>iri the place vhere this section was taken the red and , 
vhlte ibaUlwl Hay, No. S, o(<cupi«* nearly the entire thickness of the exposurea: 
acain, tha yallnWltb firn day la morn prooounced: wbilesquarterof a mile away, 
Jmt nrrr a •mKH ''"< *'' t)ie wefrt and approrimately on the aame level, the daya 
hai r : '■■ r ' ■' ••titlrnly Ui ooarte, eoft sandstone. 

< •■ lliat a JiidiciouR mixing ot the clays from the rarioua 

bill I ">l difTxrent ijualitiea of brick. Tbe ordiDary building 

|iti>-1' ''"'It twr> part* ot the red mottled clay from No. 3 and one 

|iart r<r thn li><-«, !'• Si< f^i N(M, 1 and 2 in equal quantitiee mitke paving brick; 
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and the yellow clay from No. 3, treated by the dry proceaa, makes a buff or 
cream-colored pressed brick superior to the Milwaukee product. The mottled 
clay when used alooe produces a red and white mottled brick much in deinaud 
for ornamental (routs, and the clay (rom the same bed« ia used by the LidcoId 
pottery for the manufacture of its produote. 

Along the bluffs of the Big Sioux river, near Sioux City, Iowa, the clay be- 
tween the Dakota and the Benton is excavated from a bank some sixty feet in 
thicknesa. In general, the clay at this locality is bluish drab or gray, and re- 
minds one of the lower stratum st Yankee hill. Several companies are engaged 
in tbe manufacture of brick aod tile at this place. At Sergeant's bluff, Iowa, 
nine miles below Sioux City, there are two plants engaged in the maoufacture of 
brick. Tbe material is obtained from a bank a quarter of a mile long, and in 
general appearance resembles the Sioui City clay. On the hill north of tbe 
Platte river, opposite Louisville, is a bank from which tbe clay is shipped to 
Omaha, and there made into bKck aod tile. At Beatrice, the material from tbo 
Dakota beds have been extensively manufactured Into brick, as also have the 
clajsobtaiood near Endicott. An enumeration of the locaiitiea containing avail- 
able brick clay would simply be a catalogue oF outcrops throughout tbe two 
states. There ia scarcely a square mile of the Dakota that could not furnish 
sutBoient clay to make brick to build a city. 

The coal of tbe Dakota group ia interior in quality and limited in amount. It 
is a lignite, or, tts tbe popular phrase baa it, "brown coal." This lignite ia found 
throughout tbe group, from Oklahoma to South Dakota, ranging from the Per- 
mian or Comancbe to the Benton. Knowing what ws do of the conditlona under 
which the deposits were made, we should be surprised not to Snd evidences ot 
masses of decayed vegetation. Id general, the conditions differed not materially 
from those that obtained in the Carboniferous age. The trunks and branches ot 
trees, which in this case were dicotyledons instead of acrogens, blown down by 
the wind or swept away by the current, lodged in sheltered coves and were cov- 
ered with sediment. These drift accumulations have since been converted into 
the lignite which is found today. The conditions have not been favorable to the 
production of harder coals, except in isolated and very limited areas. 

Half a mile south of Bond's mill, Washington county, Kansas, several thin 
seams of lignite are found within a few feet of the underlying Permian. At tbe 
High banks, near Decatur, Neb., aimilar seams appear at the water's edge, prob- 
ably about the middle of tbe group. In describing a bed of lignite Dearths 
mouth of Iowa creek, west of Sioux City, Doctor Hayden says that it is in the 
Benton, or at least in tbe transition between the Dakota and Benton, and that it 
is local or restricted in its geographical extent, and ia the reault of the accumu- 
lation of drift in the Cretaceous sea- 
It is in the Smoky-Blue area in north-central Kanaas, however, that the beds 
attain sufficient importaDce to be of commercial value. Even here they vary 
much in thickness. Borne beds are two feet thick. Usually they are much 
thinner. Not infrequently tbe lignite ia altogether wanting. It ia found inter- 
spersed between beds of sandstone and shale, with often beds of carbonaceous 
shale near by. Tbe horizon is usually from (30 to 100 feet below tbe Benton. 
The coal is most frequently obtained by stripping or removing the ledge near the 
surface. Occasionally shafts arsaunk from the surface to the level of the lignite. 
These shafts are sometimes as much as seventy. five feet deep. Although tbe 
coal is of such poor quality, the price at the mouth of theahaft is usually as high 
aa that of good coal in regions where the latter is plentiful. 
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Lignite is tnioed and used for fuel in Bartoo. Cloud, Ellsworth. Jeweir.Lu^ 
coin, Mitchell, Republic, and Russell counties. Kansas. Some of the principal 
mines are at Wilson ftud Ben's Ranch. Ellsworth county: Coal caBon, Kusaell 
rounty ; Elkhorn creek and Rattleeaake creek, Lincoln count; ; aod Rock creek, 
Mitchell count;. The auppl; is quite coDBiderable and promiseB to meet the lo- 
cal demand for a number of years. That it will ever do more than this ia 
scarcely lo be expected. 

Like clay, sand is n constituent part of the Dakota. The supply is ioez- 
hauBtible and the quality usually suitable for building purposes, .^e in the case 
of stone, however, there is often bett«r material at hand, and the Dakota saod ia 
Dot in great demand. As stated aboTe, the region of Dakota outcrops is cut 
Dearly at right angles by a number of streame flowing southeast. These streMna 
onjiaarily take their rise in the Tertiary, or at least How across these formations, 
and for the most part have numerous low banks and sand-bars. The supply of 
saod tor the larger towns, which are usually situated in the valleys, ia obtained 
cbieQy from these streams. In the Glacial regions the sand for building purposes 
ia obtained from pockets in the drift. The Dakota sand Is rarely so loosely 
cemented that it can be removed without the use ot the pick: more often powder 
must be used to loosen the rock, which is afterward pulverized with the sledg«. 
The drift sand, on the contrary, may usually be obtained with the shovel. An 
example may be cited at Lincoln. Neb., where the building sand is obtained from 
numerous drift pockets near the city, although there is in the vicinity plen^ of 
Dakota sand, which would be used were the drift sand not more easily obtainable. 

In not a few localities, however, the Dakota sand is utilized for building pur- 
poses. One of these is at Bennett, Neb., referred lo above. A small outlier of 
the Dakota forms a cliff thirty feethigh, surmounted by drift boulders. The sand 
is taken from the face of the cliff and utilized for general building purposes. A 
similar sandbank is found at Tekamah, Neb,, from which the sand ia in places 
removed with the shovel, while only a few feet away it is so bard as to requira 
blastiog. The material from the Tekamah tedge makes a superior brick saod. 
Id the vicinity of Beatrice, Neb., there are a number of Dakota sond-baoks. Ona 
west ot the Blue river furnishes 400 wagon-loada a year. Besides being used tor 
building purposes, it has been utilized as molding sand by the Dempster Wind- 
mill Company. 

Gravel is not common in the Dakota. The few localities in which it has beeo 
found are generally located in the hollows ot the old Carboniferous floor upon 
which the younger Dakota has been deposited. These localities are invariablr 
found near the eastern edge of the group. The most typical examples are seen 
on the flatte river, in eastern Nebraska, and have tieen diecuseed under "Stra- 
tigraphy." 

The Cedar creek gravel-bed, which is, perhaps, the best known, was seem- 
ingly deposited in the cbaonel of an ancient Dakota river. The material, which 
has been extensively excavated, is used by tbe Burlington l^ Missouri River tail- 
road for ballast, riprap, fills, and foundations. Tbe Missouri Pacific gravel-beds 
near SpringSetd, Neb,, are very like those at Cedar creek. The supply in these 
localities is very considerable and will last for many years. 

WATKR-Bl'PPLV. 
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The Dakota is distinctly a water-bearing formation. Tbe porous sandstone U 
capable of atoring great quantities of water, while at the same time it offers very 
little resistance to its flow. Even the shales are in most places more or lets 
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arenaceous, and usually permit the 
thick nees. 

SpriogB are abuDdaot io nil parts of the group. It would aesrcely be an ei- 
aggeratioD to atate that there is an average of ooe spring for each square mile of 
Dakota territory from Oklahoma to Mionesota. Some of these are mere seepage 
Bpringa, which ceaae their flow during dry weather, while others have a pereunial 
flow. The apringe of the group may be divided into two elasaes: frash-water 
springs, and salt apHnga and mnrshee. The former occur indiacriminately in 
all parts of the formatioD, while the latter are ordinarily confined to the upper 
layers. 

Something of the nature of the water id the various localities may be learned 
by Doticing the names of the smaller atreama throughout the regions of outcrops. 
In Ottawa, Republic nnd Washington counties. Kansas, and in Lancaatcr 
countj, Nebraaka, there are streams which have the cbaraoteriatic name of Salt 
creek, and id Cloud county, Kansas, there is a Salt Marsh creek. In Ellaworth 
county, Kansas, Alum creek and O^iide creek bear testimony to the character of 
the water contained in them. Ail of these creeks take their rise in the regioD of 
the upper layers of the Dakota, usually near the Salt Marsh horizon of Logan, 
Saline riier owes its name to the fact that it receives rouch of the drainage from 
these salt creeka. On the other hand, such names as Spring oreek and Clear 
creek, which are by no means uncommon in the region, indicate that the atream 
is fed by fresh-water springs, usually from the lower beds. 

ORICtfl OF BAKOT* WATER. 

Three theories have been advanced to account for the water-supply of the 
Dakota. They maybe designated as the artesian theory, the sheet- water theory, 
and the local- rain fall theory. U is proposed to outline briefly these three theories, 
and to drtfw from them such conclusions as seem warranted by facts. 

Perhaps the chief exponent of the arleaian theory is Mr. N. H. Darton, of the 
United States Geological Survey. Mr. Darton has spent a number of !jeaaons in 
the field, in the plains and Rocky Mountain regions, and ia entitled to speak 
with authority on the subject. In bis excellent paper on the "Geology and 
Water supply of Western Nebraska,"'* he disfusses the question of deep-seated 
waters, and touches on the subject of artesian water in the Dakota. It should 
be remembered that the Dakota sandstone passes under the more recent Creta- 
ceous groups to the west. These later groups attain their maximum thickness 
in western Kansas and Nebraaka, where the Dakota ia probably more than 3000 
feet beneath the aurface. The greater part of this thickuess is composed of 
Pierre ahale, which ia impervious to water. The sandstone of the Dakota, con- 
tinuing westward, outcrops along the eastern alope of the Rockies and Black 
hills at an elevation of from 3000 to 6000 feet. The water, passing into the 
porous sandstone at these elevations, flows eastward beneath the Pierre shales, 
and has considerable pressure and head at a great distance to the east. In east- 
ern South Dakota, the artesian wells, which yield a large amount of water, ob- 
tain their supply from the Dakota saudatone. The wells and springs of eastern 
Nebraska are thought to derive their supply from the same source. In thia 
region, however, the pressure and head, which gradually decrease as the forma- 
tion approaches the surface, have nearly disappeared. There are several springs 
in the region which are known locally aa artesian springs. 

"Sheet water" is a term which, in the states of the plains, is used rather 
loosely to indicate a steady and constant supply of well-water. The term is 
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There are, however, in the Dakota a number of Bpriuga, which can be ac- 
counted for by Deither the sheet-water nor the artesiau theories. The; are 
UBually located aloDf; theeastern margia of the outcrops, where the post-Cretaceous 
erosion has isolated buttes and ridffes from the main body. A striking example 
may be found some fifteen miles southeast of Salica, Kan., where a narrow 
Permi&u ridge, half a mile wide and several miles long, is capped with fifty feet 
or more of the Dakota sandstone. At the base of the sandstone, along the east 
side of the hill, are a number of springe which Clow all the year round. The 
water is evidentl}' derived from the local rainfnll on the Dakota ridge. Perhaps 
the best example of sprjugs o( this character may be found at Bund's mill, sis 
miles west of Hanover, Kan. South of Mill creek, at this place, is a steep bluff 
200 feet high, of which the upper part consists ol Dakota. From the top of this 
blufT the country slopes gradually to the south, being more or less cut up by 
numerous deep ravines flawing to the east and west. At a distance of four miles 
south from the top of the blulT a gap has been worn down into the underlying 
Permian, completely isolating this area of Dakota, consleting of perhaps ten 
8<]Uare miles, from the main body. Some of the finest springs in the Dakota re- 
gion are to be found in this locality. Mr. Richard Bond, who located in the 
vicinity in 1S5S, assured the writer that the water from the spring which sup- 
plied bis house showed no variation in the amount of flow in wet or dry seasons. 
The water must of necessity come from the local rainfall. 

These facts appear to indicate that we may well look to ail three sources dis- 
cussed in this connection for the water-supply of the Dakota. While It is probable 
that a large amount of water comes from the mountains, and perhaps a still 
greater amount is sheet water, it can scarcely be doubted that in ail localities the 
local rainfall helps to swell the volume, and is in many places the only source of 
supply. 

The term "fresh-wator springs" is used to include all the springs in the 
Dakota id which the water is not more or less salty. While in this connection 
it has DO particular reference to what is usually known as soft water, stilt It is a 
notable fact that the water of the Dakota is unusually free from the various com- 
pounds of calcium that constitute hard water. Not infrequently the water has 
a taste not unlike that of rain-water, This is particularly true when the stratum 
from which it flows contains no clay. 

It will be obviously impossible to mention but a very email per cent, of the 
thousands of springs which have been noticed In Kansas and Nebraska. At 
beat, only a few, and those the most typical, may be referred to. Id Kiowa 
county, Kansas, near the head of the Mediciae river, in the locality west o( Bel- 
videre mentioned aj yielding dicotyledonous leaves, there are numerous springs 
in a ledge of sandstone near the base of the Dakota. These are found chiefly on 
Spring creek and Little Rocky cation, some ten miles south of Oreensburg. In 
Clark county the best springs on Hackberry, Bear and Chapman creeks are from 
the Dakota. Near the base of the blulT washed by the Arkansas river, three 
miles east of Ford City, a spring issues so close to the water that it may only be 
seen when the river is low. 

The area of the Dakota in northern Kansas is famous for both fresh and salt 
springs. In southern Ellsworth county, the creeks — Thompson, Oxide, BlufT, 
Jtnd others, which flow north into the Smoky Hill river — are fed by springs 
vhich issue from near the middle of the ^roup ; those at Burton's and Sher- 
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man's nuiciiea b«iag especwllj DoticeAble. At (he Doled care section ii 
Etlswortb couat; tfaere is a Sdc spring, the deligbt of picoic parties, for which 
the pl*ce is a fftmone resort. On the vertintJ cliff of sandstone above the spring 
may be ae«D Indiac pictographs, which woald Ecem to indicate that the aborici* 
□es were in the habit of frpquentiDg the place. L'nfortaDBtel? these hiero- 
glyphicf, which have 90 far escaped the ravages of time, ate dow beio? destroyed 
by visitorB carving their Dsmes orer the pictographa. This Tandalism is the 
more to be deplored, becaaseof the fact that the picta re- writing, once destroyed, 
eui never be replaced. It is but a few years at most until these records of a for- 
gotten people shnll have been oblilereled. In Wasbiogton connCy, Kaneas, 
where the Dakota has typical develot'ineot, springs are abundant. Southwest 
of Washington, the countj-seat, there are several that have a strong and persist- 
ent flow. Near HoUenberg, in the northern part of the county, springs issue 
near the base of the sandstone and supply the sniall streams which flow into the 
Blue river. Those on the hrm of Jonathan .\lden are worthy of special mention. 
Near Band's mill, referred to above, along the bluffs south of Mill creek, there 
are dozens <:<f springs that issue fitim the sandstone ledge near the base of the 
E>akota. immediately above the Permian. The water is. in some instances, piped 
for bsif a mile or mor« to farmhousea along the base of the bluff. 

The largest are* of Dakota in Nebraska, near Endicott and Fairbory, coa- 
laJns hundreds of springs. They flow into creeks which are tributary to th0 
Blue. Those on the farm of Edward Case, a mile east of Endicott, ar» knowa 
throughout the country: while others on Whisky run, northwest of Fairbury. 
•» Dearly as strong. One of the most typical springs in the state is on the Rob- 
inson farm, a (e« miles south of Beatrice, where the water is carried in a pipe 
for halt a mile, under a ravine and into a tank, where it lumiefaes an abundant 
supply for several hundred cattle. In the ralley of Salt creek springs are abua- 
dant. On Haines branch, especially, salt- and f reeh-water springs issue all along 
the bank for several milee. On the Platte rifer, from Plattsmonth to .Ashland* 
of the hundreds of springs but one need be referred to. It is the one at the state 
fiih faatcbery, a short distance above South Becd. The spring issues from the 
saiulstDne in a deep ravine, and furnishes water for some thirty reservoirs in 
which die fish are bred. 

FroiD Blair to Tekamab. along the bluffs of the Missouri river, there is a ooD- 
tiaoons idw of springs. Above Tekamab these l>ecome more fi^uent. and along 
the "bench road" between that city and Tekamsh. a distance of sixteen miles, 
there are an equal cumber of strong springs, be«ides many smaller ones. Ln tbft 
tolkiwing enumeration, beginning at Tekamah. the name given is either that of 
the owner of the farm upon which the spring is located, or else the local name by 
which the spring is popularly known : Sbafer's, John Lalta's, Rath 'a, Davis'Sr 
C. H. Johnson's, Marron-'s, J. Laughlin's, Marsh spring, Stanton's, Goldai 
■priog. Landig's, Tippery's, H. Bussie's, A. White's, Decatur spring. 0( th«ae,i 
Tippery's spring is known as an artesian spring, and is said l<.> throw water to" 
IfeA bei^t of sixteen feet. Golden spring has the strongest flow of any spring 
to Uw Dakota group, so far as observed. Il has long been a famous stopinng- 
ytoM far frcsghten. Professor Capellini, in describing his trip from Tekamah to 
flfam tStf, in 1963, gives an account of the spring, of which the following ii 
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Springs issue along the high baoks above Decatur, and also near the mouth 
of Blackbird creek. At the old miasion building, two miles north of this creek, 
there ia a spriog, famous [aag before the arrival of white men. At Homer, along 
the bluffs north and south of the city, there are some of the strongest springe 
known in the formation, and they continue past Ponca and as far up the river as 
the Dakota is found. 



While the tresh-watprapringsof the Dakota are found in all parts of the group, 
thesalt-eprings, on the contrary , are ordinarily confined to the upper beds. Mr, Lo- 
.gnn locates a aalC-marah horizon above the lignite horizon in bis upper group, 
and describee it as follows: "Resting upon the lignite is a bad of shales which 
are. in the majority of instances, highly saliferous in character. They vary in 
thickness from ton to fifteen feet. By the disintegration of these shales, salt- 
tuarshes have been formed aloti^ the exposures of the upper Dakota horizons." -^ 

There are a dozen or more of these marshes in north-central Kansas, located 
in Lincoln, Mitchell, Cloud, Republic, and Jewell counties. In size they vary 



ral square miles in area. One in Cloud county is 
I. a mile wide. They are usually found along the 
creeks in the region, and are at nearly the same 

100 feet below the base of the overlying Benton. 

9 covered with an incrustation o 
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1 tew sijuare rods t 
seven miles long, and, ii 
basin of one of the 
geological level — from 50 t< 
The marshes are flat and a 
quarter of an inch thick. The water comes from numerous small seepage springe 
along the margin or on the bottom. The soil is permeated with this salty water, 
ai may be demonstrated by digging a hole in the bank. This soon fills with salt- 
water which shows a density of from ten to twenty degrees on the salonieter. 

A description of one of these marshes will be good for a large number of them, 
as they are very similar in formation and appearance. The following, which is 
excerpted from a desoription made by Prof. B. F. Mudge In IB&l, will, with a 
few mioor modifications, answer tor any one of a dozen marshes to-day. The 
marsh described ia koown as the Tuthill marsh, and is located in the southern 
part of Republic county, Kansas: 

"The valley here is wide, gradually rising to the high prairies so common in 
that part of the state. The marsh covers nearly 1000 acres, more or less iu' 
pregnated with saline matter. About one-third is entirely void of vegetation, 
which the brine will not allow to grow. It is perfectly level, and when Brst vis- 
ited was as white as a wintry snow field, with a crust of crystallized salt. The 
marsh is of recent alluvial formation, composed of sand and loam from twenty 
to thirty feet in thickness, brought down by the wash from the high prairies, 
which gradually rise from three sides. The incruatatlon of salt is frequently 
three-eighths of an inch thick. The brine eiiste in nearly ei^ual quantities and 
strength in all parts of the marsh, and can be obtained by boring a tew feet. No 
definite salt-spring shows itself on the surface, but the supply must come from 
numerous points below." 

The chief difference between this description and one made to-day would t>e 
in the size of the marsh. The increased amount of alluvium incident upon the 
cultivation of the adjacent region has so encroached upon the marsh as to ma- 
terially lessen its area. Nevertheless, several hundred acres are still suiSciently 
saline to be without vegetation. Wells bored on land above the common level 
furnish brine which flows from the top ol the well out over the marsh. On Salt 
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creekt in •onthem UildivU C0DDI7, there is a large manh that fc 
3000 scrCB. In the same regioo are some spriDgs of salt-water vbicfa ii 
beda of aaadsUMM, evidentlj the sslt-marah borimt), vhicfa outcmpa B. 
or own abov« the lerel ot the cr««k. Great Spirit spriDg, DMtr Oawkar Citj. 
o««a its akliiie properties to the (act that its waters are dMtred (ram thia faDrfaoD. 
The aaJt-marsbts at LjucoId, Neb., are rerj abnilar to thoM in nortfaen Kan- 
sas. TImj are iocated in the ¥81107 of Sail creek, near the westsra outskirts of 
(he ci^ of lincohi. Bevetal branches of Salt creek oooTerge near bj, tbraiisc ■ 
bmad aod Dearth lerel bottom, oootaininK eereral thousand acres- Over this boi- 
%aat the salt Bate or marshes are scattered for seretal miles np and down the 
creek. The small BtrcAma which oonrarge near Ltnoolo all contain fresh water 
except one. Haines branch, which flows froai the soatbweat, cootaina along its 
lower oomse hundreds of salt-springs, not djaeunilar to thove deecribed trota 
Mitchell GDUDtT, Kansas, eioept that the; issne fnm mod banks near the wmtsr. 
instead ol fmn the sandsbine at a higher level. This maj be aceoonted lor bj 
the bet that in the Ttctnitr of Tjm^ni.! post-Crataceoas erosioD has icwuied tbe 



In geoeraJ appe«taoce these marshes are h> nmilar to those io Kansas that, 
OQ casual examinatkio, no marked difFeience can be ofaserred : both have the 
name flat surface, salt; incmstations, and seepage ^)iings near the margin and 
on the bottom. The sbength of brioe varies liltls, and in eartj dajs salt was 
obtained for oommercMl purposes from either locality. Both occupy the samie 
general horiion, fnnn 50 to 100 feet bek>w the Benton, and the chanKlar of tbe 
rock front which the mlt-stvings take thcdr rise is pnctk&Uy the mae. Near 
TJnwiln. as in Kan»««, many of the wells is the Dakota jidd salt-water. An ex- 
ample may be cited at the Yankee Hill farick-wotka, aoathwest of lineola. 

Doctor Hayden con a idtied it probable that the aalt-waler of these maiabea 
came from the CaibooifnoDS shalss, whid in this vicini^ ate hwnd at a dsptb 
of sone StO feet. Tbe nme author, bowerer, oooaidend that the Kansae 
marahee derired their supply from the same borisoae. I^ter geolo^ets are di- 
vided OB tte question, smne contcndtDg for the CarbonifMoos, otfaeru Ibr the 
Dakota age ol the mlt. One bet that gives moch otAtwx to the positioa of 
thoee who took to the Caifaooiferous for the scarce of cnpply is that the shalea 
of this Bge immediate bekiw the Dakota are highly aalifenws and the water 
codtaiaed in them has a strong arteman flow. This fact, together with another 
con^tkm which seems hirly weU authenticated, na.: that the entire ihickneM 
tt lS» Oaka«a in the Tidnity cuosMe of pwow* sandetoaea. with searcedy a ttwoa 
ol day cr shale, baa been swScienI to eetahlirii the theory of Carfaoa ifu o— 
orfgia. Other nnstigston ban pointed oat the ataubrity ei these manhea ia 
kl pemtioa to thoes less thaa 100 milee away, in 
a fnm andoQbled Dakota horiaoaa, aad hare drawn the in- 
e that the salt-marAea at liacwto aad in lUnsM mast be nmilarly as- 

e who had s tu di ed the eonditianB m 
the vicinity at Uaeoiu aloae would be awst likely to aasigu the origin ol the salt 
to the Outwoifcfoua. On tbe other band, lb* geologist who bad pcerioaaly ob- 
serrcd tbe eoadjtieae in other parts ol tbe Dakota area, particahwly m northern 
ITiMan. aoald not be wraag in ooosidaiag tbe aaUfenMs sbalea of the upper 
part of this granp ss tbs tiue Boarae ol tbe salt ia the lincota aaH-mandkes. 

It is satatal to su ppose that a (brmaiiaa conlainiBg 
Ibe Paknta avoid also fnraish K™>'i weiU-water. This is almael 
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As has been remnrked, the Dakota is the most important wat^r-beariog bed of 
the plains, both od account of the quality aod quantity of the water, Whatever 
theory we may adopt to accouot for the origin of the water, ita presence, abun- 
dance, and purity are axiomatic. The amount of well-watet that is utilized from 
the Dakota is probably greater than that of the epring-water. Wells begun in 
this tormatioD usually find water in abundance at a depth of from ten to forty 
feet. Id the overlying strata the depth to water depends oo the thickness of these 
deposits, the flaw being encountered at the line of ud conformity, or, if the Da- 
kota, at that particular spot, consiet of saDdatone, at a short distance below that 
line. The probability of water being found in the Dakota is so great that, in 
order to estimate the depth of a well in any locality underlaid by this group, it 
is only necessary to know the thickness of the oTerljing deposits. Advantage is 
taken of this fact in preparing water maps of the various regions. One of the 
best of these is by N. H. Darlon,'^ in which the "depths to Dakota sandetone, 
which usually yields abundant water-supplies " is graphically repreeented in 
colors. Such a map might well be prepared of the entire line of Dakota out- 
crops and would be of extreme ecooomic as well aa scientific value. 

As in the case of springs, the wells of the Dakota may be divided into fresh- 
and salt-water wells, The former so universally predominate, however, aa to be 
understood, unlese the others are specifically mentioned. Salt-wells in the 
Dakota are ordinarily found only in the vicinity of salt-spriogs and marBbes, 
particularly near Lincoln, Neb., and in north-central Kansaii. The water in few 
of these wells is sufllclently eallne to prevent its use, although iu a few oases this 
phenomenon bae been reoorded. The water-supply of but one of the several 
artesian basins in Nebraska can with certainty be referred to the Dakota. This 
is the cortheaatern basin, in Knoi, Cedar and Diion counties. This region is in 
reality a continuation of the James and Missouri river artesian basin of South 
Dakota. The wells in this part of the state find artesian water at a depth of 
from 300 to 600 feet. The deep artesian wells at Lincoln and Beatrice paes 
through the Dakota and find their supply in the Carboniferous, at a depth of 
from 300 to 2000 feet. 

One rather interesting fact coacected with Dakota wells should, perhaps, be 
noticed here. It often happens that a farmer whose buildings chance to bo situ- 
ated in a Permian valley near a Dakota hill taile to obtain a suIHcient supply of 
water by digging. Or it may be that the water which he finds is so strongly 
impregnated with gypsum or other salts which permeate the upper beds of the 
Permian that it is not fit for use. Not infrequently, after having sunk several 
wells in the vain hope of obtaining a sulficlent amount of good water in the 
valley, in despair he puts down a well on the top of the hill, in the Dakota sand- 
atone. In such a case he often surprises himself and his neighbors by obtain- 
ing an abundant supply of the best of water. Instances of this kind are often 
pointed out to the itinerant geologist as freaks of nature. The reasons for the 
phenomenon are obvious. 



The region of Dakota outcrops is distinctively a grazing country. Except in 
the valleys of the larger streams, or on the uplands where the sandstoue is cov- 
ered by later deposits, the greater part of the area is devoted to cattle raising. 
The sandstone hills produce the most nutritious grasses in the greatest profu- 
sion. Thousands of cattle are annually shipped to these ranges from the west, 
fattened during the sumniBr, aud in the fall sent to eastern markets. 
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tfc« Wiiffeat (MM^ea in the two statM u« in thi* ngMO. A« w 

«iMd tke FnUrairtiM Tmech, in Kkwa ooanty, ffiiiwi Thkb extondB tor fl 
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tn moat plaowtke nawtici of stock wata' moI puvMaant imiiartkBcc to the 
nvdiaakB. It oftMi oocnra tlut cxttle raiaBf in ■ cw toiB locality is not (iroSto- 
ble aimp)]' <» koecniDt of the soard^ of WMter. Utore b a aiyinf at **~^ plains: 
"Ae nail thai oootiol* tlw warn- controls tbe ooaatij" TUs pni'juiii, aa««x- 
tnt hi maaj n^iODH, solves itself in th«i Dakota anas. The i^reU >'>Biidaiice ill 
mtBT tram tbe nnmeroua eptiogi is uEaallr ad»gaat« for all parpMea. Vary 
oftMi it ■« not neoamki; U> give ibe matter tbe least atGentioiL. Tbe rater tram 
Mi'VMat sprioBB Miinatotcrai a orwk, lowliicii Umi cattle rMort. Bnt it rtaaaag 
water w not suBcncntl; plmtihil, tbt' rancbman lari: a jape Iroai a qa4iig oti tin 
hllMd« to ■ tattb. HDndrad* at these GanliB mar be Douoed in the paatnres of 
ttw! two Btatee. In ttot a fe« instaaces tbe wrtter tninj a good bib-uik will be aar- 
Hpd tA the bons6, tbroagh Tbe ltitfb«c. tbrciugh tbe miik-bouan. and finally ts m 
tank in the bant-riiril, eupiitviiifr sofficictDt vatnr fnr all purposes. The tamwr'a 
wife bae tbe advantage orer tbt t^ity woman of knoving that tfair watarrtw na aa 

Ic tormet ynars tbe salt-marshefi of Kansas and Knbraeka wore a aoBroe of 
rcvnnae to bandreds af persone aocaatly. Ii it stated thai at one tine thn* 
were «pTeral biindr«ui "squattere" Ifwated nn Ibe Batl-basic arpB near Xiinaoln, 
all tin^aiFMl ic pvapunitioe brine. Sail lor Ioi^bI purposec was prooured in Eao- 
•an iiy diMvilvlDg the sail. iDcrustatioDE wbicb covorod tbe marah. in ordBr to 
alloir the ItnpuritifV to SMltli^, and aftnTWHrd refTapoTatinp Uie brins. Tbe dio- 
cnvery of the ma(r&ifi<WDl salt Imds in tbe middlr Pnrmian nf ce.ntnJ Eansae faaa 
pat ac Mid to tb{iM< cruder metbode of produrrtinii. and ii is very impTobable that 
tbe; will eror be Teneired. 

Tbe chi«t ncoDomic ralae o! the Dakota watsi. hovevm-. lice not in the aalt- 
water of its manhes. Tbe thnuaands nf spring, arid ten« of tboDsandB of waUs, 
ill the area of the oLitnrope nt thtegniup nilnenB daily in the imporlaiioeolwMHr 
a^ an ecionomic factor. In niirii states oe thnie «f the plains, where agnoaItni« 
is and always will he tbe chief industT?, the que«tioG of water-supply te -pKem- 
mnunt.: and the Dakota, belnp the grfmt water holder of tbe plaios, can BO^nnly 
fai: of reoopnition in the vari'iue pmlilnmB thai at* Mi be worked out 
the nltioiBte water-eupply of these states. 

)■ A I'EO KTOLOn V . 



While iiicnrt»bnites are rare, and rBTtsbnttae arr almnst wantinff, in t 
kota ^{Toup. fossil plants arc almost uaii«r«aUy pnaent, So rommmi m 
that their prssenoe hsubIIt eicitCTi little i^arioeilyanioiii; Ihp tarmMfiandMBet 
ll»lnK aloop the line of outi-rops. Thsrc is sratrcely a hill or *vwi an expon 
tbe fwndstone in the Dakota aren that does not yield al Isast ftainnnntsof It 
ThMte fnsslle are in all states of preeerration. frwii m»rr traww. of nerv»KaB4 
perfect imprwwionB, They vary in size from tbe tiny fl'tulilr, .rr 
moTT! than a cenllmeler In dtanrnter. tn tbe majmitioftnt .SiiMo/rrii girfontm 
wbicb niWMiiir«^ fOfty eentimeters from lobe tf< lobe. 

Of owiMisity, only imprMmoDsflf ttaeiH' learee remain. The vatratahlnni 
has loni: slntw dinappMrvMl. and the moat delicat*' cbemloal x.r«u. e'mn a. 
lasMP that nasiu to ntatn some traens of (larbonacmUB matter, tall to ravaal 4 
e of alttier lignln or cellutoae Ordinarily the QOlor of thn AnmU % 
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t that of theeandstooe id which it is embedded, usual]; b vBllowish broTo. 
Not infrequently, however, especially iu the quartz-like rocks, the impressioaa 
are almost jet black, and Btaud out in bold relief to the gray etooe. It often 
happeDB, eapeoiallj where the leaves have been eDcloaed id coocretioos, that the 
exposed surface has beau polished by the aotion of the wind and rain until it 
preseots a sleek, glossy appearance. Again, in the softer sandstones the impres- 
siona are so fragile that they crumble on exposure, and can be removed, if at all, 
only with the greatest difficulty. 

The history of the subject has been discuesed under Its proper beading, and 
only a brief r^suml: can be given here. The three men who, more than all 
others, have eontribeted to our knowledge of the paleobotany of the group are 
Oswald Heer, J. 8. Newberry, and Leo Leaquereux. Profeasor Heer, of Zurich, 
Swilzerland, was probably the most Doted paleobotanist the world has ever 
known Hie knowledge of foeail plants was profound and comprehecaive. He 
described forme from many parta of the world, more especially from Europe and 
the arctic regions. His connection witfa the history of the Dakota group is eon' 
fined to the IdccIificalioD of two coUectloDS of planta. The outline drawinga of 
specimens sent him by Meek and Hayden in 18133 were referred by bim to the 
Tertiary, and his position was afterward defended in a series of letters in the 
Heer -Newberry controveray. Professor Ileer also described the coileclion made 
by Marcou and Capellini in 1863. The leaves were figured in the paper "Phjl- 
lites Cri^tac^es du Nebraska," which is the first printed deecrlption, with plates, 
oF Dakota leaves. 

Dr. J. S. Newberry, the eminent American geologist, also did much good work 
in Dakota phytopaleontology. ile first identified the leaves of which drawings 
had been sent lo Profeasor Heer as Cretaceous forms, and enunciated the dic- 
tum, which has since been universally accepted, that the essential facies of the 
Dakota flora did not differ materially from that of the present time. Several 
papers of importance from the pen of Doctor Newberry were published during 
the 'Mb, but owing to a misunderstanding with Doctor Hayden he ceased to 
interest himself in the subject. 

It was Irfo Leaqoereui, whom Doctor Koowlton justly styles the Nestor of 
American paleobotaniste, who did wore than any other man for the cause of the 
pbytopaleontology of the Dakota group. Leo Leeiquereux is perhaps the most 
pathetic figure in American science. Practically exiled with Agassiz and Guyot 
from his native land at the age of fort; years ; totally deaf, so that be never heard 
a word of spoken English ; living alone among strangers in a strange land : bis 
whole life filled with bardiibips and disapiraintments : nevertheless at bis death 
America lost not only her most distinguished vegetable paleontologist, but also 
ber foremost bryologiat. The amount of work be [lerformed was immense: and 
the reoord of bis achievements will long stand as a monument worthy the emula- 
tion of future generations. l.)octor Hayden, who made most of the early collec- 
tions of Dakota leaves, submitted a numl>er of specimens to Doctor Lenquereux 
for identification ; and in 18<>8 bis first publication on the subject appeared. He 
was at this time si.tty years of age. From thb date until the time of bie death, 
in 1889, scarcely a year passed that he did not present lo the ecientific world a 
contribution to the knowledge of this most interesting subject. The three most 
important of these publications are: Cretaceous Flora, published in 1874; Cre- 
taceous and Tertiary Floras, in 1883; and The Flora of the Dakota Group, in 1S92. 
This laat is Doctor Lesquereux's masterpiece, and was incomplete at the time of 
I. The book waaedilad by Dr. F. H. Knowlton; and the careful manner 
the work was dooe U e scholarly attaiomeata of the editor. 
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Id regard to th^ geographical diatributioti of the flora, it has alreadj been 
Btat«d that the leaves have been fouDcl in ever? localit; that coDtaios Dakota 
outcrops, and at almOBt every exposure. They have been collected west of Bel- 
videre, in Clark county; on Bear creek, in the eitreme weetern part of the state: 
and along the Arknneaa river, at Great Becd, Pawnee Roc^k, and Lamed. The 
region which has yielded not only a greater variety of forms but also a greater 
number of epccimeQB thna any other ia also the region in which the Dakota 
reaches its best development, viz., eastern Ellsworth couQty, Kansas. This is 
the famous collecticg grouod of Mudge, Snow, West, and Sternberg. Leaves 
are found on BlulT. Thompson, and Oiide creeks, south of the Smoky Hill river; 
aod on the north side, near the towns of Kanopolia, Ellsworth, Carneiro. and 
Terra Cotta, they may be collected on every bill. Near Brookville and Teacott 
there are prolific localities, as also in the vicinity of Minneapolis and Glasco. 
One of the finest collecting grounds known is at Bond's milt, in Waahingtoa 
county, KansaB. From this point leaves are found as tar northwest as Fair- 
bury, Neb. IJoctor Lesijuereuit reports leaves from Beatrice- The outcrops of 
Dakota near Lincoln furnish a tew rather poor speuimens. Along the Platte 
river some fairly good leaves have been found. The bluSs of the Missouri from 
Omaha to Sioux City yield some good leaves, especially points near Tekamah, 
Golden spring, Decatur, and Blackbird hill, Neb., and Sergeant's bluff, Iowa. 

It may not be ill advised to mention in this connection the increase in the 
DumlKrot known species from time to time. Professor Heer, in his "Pbyllitoa 
Cri/taci^es du Nebraska," discusses seventeen species; in Doctor Lesquereui'a 
flrst paper, in 1868, fifty-three new forms were mentioned; while in 1874, at ths 
timeof the publication of his "Cretaceous Flora," the number had been increased 
to 130. In his "Cretaceous and Tertiary Flora," in 18a3, 190apecies are mentioned. 
The discovery of the magnificent leaf beds in Ellsworth county so increased tha 
number of forms that, when Doctor Lesquereux began his "Flora of the Dakota 
Group," in 1885,350 species were known: and the addition of 110 forms from tha 
collections of Sternberg brought the number up to 460. Of these, six are ferae, 
twelve cycads, fifteen conifers, and i29 dicotyledons. The latter class forma over 
ninety per cent, of the entire series. Since the appearance of "Tbe Flora of tba 
Dakota Group" comparatively tittle work has t>een done on the paleoDtolog7 of 
the Dakota. Hollick, Ward, and others have described a few new leaves, prob- 
ably less than a score of species in all. The collections made in Kansas in 1897 
and 1898 by Dr. Lester F. Ward and the writer, and in Nebraska, by tbe writer, 
in 1899, have yielded a number of new forma, the greater part of which are now 
in tbe museum of the University of Nebraska. (See plate Xtl.) 

In the discussion of the stratigraphy of tbe group it has been shown that 
there is no continuity of strata in the Dakota. Sandstones and shales are strati- 
fied indiscriminately with clays throughout the formation. This of itself points 
to changing conditions of sedimentation. It was tbis marked peculiarity, as well 
as the manner in which the leaves were deposited, that led Doctor Lesquereux to 
adopt bis views of the manner of deposition of the Dakota, which are now almost 
universally accepted nmoog students of the group. It ia unnecessary to reiterate 
the statement that, in the main, tbe opinions of the writer coincide with those 
of Doctor Lesquereux. For this reason (and even at the risk of being thought to 
quote too fully), the following paragraphs from this noted author are herewith 
given. They represent his latest thought, having been written after be had 
worked over tbe last collection of Sternberg, shortly before his death ; 

"In my 'Cretaceous Flora 'the question concerning the probable derivation of 
B vegetable rematDs found in tbe ebsly sandstone of the Dakota 
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groQp, their mode of deposiUon, etc., have been examined. From the fscies and 
ibe peculiar distribution at the leaves, it is there admitted that the vegetable re- 
mains have been derived From trees or shrubs growing Id the viciait; of marshy 
or muddy boltoms, and that they have been burled or Jo«Bilized at or near the 
place of their growlh. This conditioD is based Dot only upon the remarkably 
good state of preservatloQ of the foasil leaves, tvbich are generally fouod hori- 
zontally flattened in the same plane or parallel to that of the deposiiioo of the 
earthy matter, neither crumpled, rolled, nor lacerated, acd with their borders, 
often even their petioles, attached to them, but also upon the distribution of the 
leaves, which at diiTerent localities generally represent diSereot species, while at 
a short distance another group ol leaves represent other species, genera, or even 

"These remarks bave been lately confirmed by the discovery in Ellsworth 
couoty, Kansas, of a very large number of leaves embedded in coDcretiona. 
Those concretionary specimens were found at more than twelve differeot locali- 
ties, in groups covering limited areas, the largest tract beio^ about 100 yards, the 
others not more than seventy yards in width, altogether distributed over a land 
surface of live to eight square miles. The specimens of each locality were sepa- 
rately collected and were also determined Beparately, and each lot was found to 
be composed of from one to three species, and few of them were represented in 
more than two or three localities. Thus, leaves of UlcrcuHa were found in ono 
locality; at another, leaves of Gr''vfop«i«,- In twoor three others mostly leavesof 
^f (u'lfenwerecoilee ted; and in others leaves of /''jpu^Hiitrnji'inn, with />/o(ipi/ri,j( 
riilitndifid'a, etc. The leaves forming the nucleus of the pebbles are in a perfect 
state of preservation, a number of tfaem with their pedicels, or even a small stip- 
ule at their base. Of course the fossilization of numerous leaves of the same 
species in groups, at various more or less distinct localities, gives positive evidence 
of their growth in that place, or at least quite Dear, where their remains bave 
been fossilized. , 

"As yet the relative altitude of the localities where the various groups of 
specimens have been found has not been fixed, and we do not linow whether 
toe diversity of the characters of the plants might not be accounted for by a 
diflerence in the horizon of the strata where they have been found, and therefore 
by a difference of age. Are there peculiar zones In the formation, which might 
lie indicated by marked characlers in the vegetation ? No answer can as yet be 
given to the question. The concretionary specimens mentioned above have beea 
found in the so-called highlands of EUeworlb couoty. But what are those high- 
lands as compared in altitude lo the lowlands? Professor Mudge, who has 
closely searched for the distribution of plaots in Kansas, did not find any differ- 
ence in the character of the plants that seemed to depend oo the altitude of the 
hills. Near Salina I have fouod the aame vegetable species distributed from 
the Oase to the lop of the hills, the altitude beiog about seventy-five feet above 
high-water mark of the river. Hence, it is not possible as yet to coosider a 
ditfereoce in the vegetation by peculiar zouea like those in the Qundersandsteio 
or Middle Cretaceous of Europe, where zones ot the LiriotUridron or those of the 
Vrtitnaria are meotiooed as marking the relative horizons of the strata. "" 

To this it is but necessary to add that later investigatioos have but corrobo- 
rated the conjectures of Doctor Lesquereux. Certain genera and species are 
confined to restricted localities, while others are found in widely separated re- 
gioDH. ProlcoideH daphnoganaidfs, for example, was one of the species de- 
scribed by Heer In his ''rhyllites"; but it has since been found in nearly every 
locality and horizon throughout the group. SiiUx prolf.ft/olia is another form 
that is widely distributed. On the other hand, BttuUlen, Prolop/i//t!um, and 
many others, although very abundant in certain localities, have never been found 
elsewhere, /Hataiiua, Saniufraiiaad Li'/uklatiibarhavebeBa found more abun- 
dantly near the base of the group, while /.irio<fcn(froii,y»j;^riri» and .-Irci/iaseem 
to be more common in the upper part. These observations, however, may be 
simply coincidents; and no particular importance need be attached to them. 
That a determination of phylogeny of species, if not of genera, in the Dakota 
group is desirable goes without saying : and the writer confesses to a hops that 
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this will eTBDtuall)' be demoBstrated. He hu coost&atl}' kept the iiuttt«r in 
miod during the ]aeX three field waaons : but at the preeeot time is reluctADtlj 
forced to ftdtnit that aoy erideoce of pl&nt deTelopment from the lover to the 
higher beds of the Dakota is practical); irRDticK. 

That development is shovQ throughout the Tsrioua Cretacfoue groups, how- 
ever, may marcel; t>e doubted. The CbejeoDe saodBloiie. 200 feet below ths bsae 
of the Dakota, coDtaina a Sora whirb. iu geueral appearance, resembles that of 
the Ambo; clays, or the Tuscaloosa (ormatiott, which represent practically the 
oldeat dicotyledoDous Bora known. The types from theee horizooe show iiiBcfa 
less of developmeDt tbao those found in the Dakota. The Laramie flora, which 
is obtaiited from beds some 3500 feet above the Dakota, sbowe considerable ad- 
vance over the Dakota forms. 

The average life of a tree is measured in huodreda of years; that of a marina 
iDTerlebrate will perhaps not arerage more than twenty yeara. Aa trees are 
longer lited, so their forms change more slowly in response to eoTirontiieBt tbaa 
animals. The invertebrate fauna of the Cietai^eoae rbaogee seteral times from 
the Cheyenne to the lAtamie. A number of forma found in the Champion shell- 
bed, a narrow horizoo at the base of the Kiowa, do not appear higher in the 
formation. The fauna of the Mentor beds, at the base of the Dakota, is quito 
dilTerent from that of the upper Dakota beds, which resemble the Benton fauna. 
By the time the up[«r Cretaceous groups are reached the taona has again 
ebasged. Certain species of plants, however, persist from the Cheyenne to the 
Dakota, aod yet others from the Dakota to the Laramie and even almost to the 
prcaent time. When the Ilora of the Cheyeoiie sandstone shall have been 
«ork«d op, it should not t>e thought surprising if it is found that in that forma- 
tioo there are species identical with the Laramie or even later groups. While 
theoe statements are true, it by no means argues that the flora as a whole, or 
even any considerable pari of it, is found ia different groups. Only a few species, 
com para ticely speaking, persist for any great length of time. Each group ia 
reprCBcnted in a large degree by forms which are characteristic of it, and are 
fonnd nowhere else. That plants are more tenacious of life than animals i« 
•bown by the fact that there are few genera of fossil plants, even of those as far 
back as the Dakota, which are not represented in reoenl floras. A few genera, 
bawer e r.aochaaiVofopftyf/HiH. .iK/iJifi'ipA.'/f'tiiri. and some others, seem to bare 
DO affiutMS among living plants. Either their e^enlinl characters have beeu 
fradoally effaced by rapid modiflcations, and so intimately miied with olherv as 
to become nntooognixable. ur tbey have been unable to adapt themseJrea to 
ciianged environment and have become eitinct. 

It is a lamentable fact that plant paleontology has fallen into ill repute both 
mnrmt geokjgista and botanists. The reasons for this are. perhaps, in many cases 
The botanist, particularly, baring before him all parts of liTing 
not, stem, leaf, flower, and fruit —is apt to look ackanceat the work of 
the talMitxrtaoist. who at b««t has but one of these organs, and that often in an 
tepwlsct atate of preservation. He argues, and apparently with reason, that 
draiTD from such tmemenial data arr at best imperfect, and Ood- 
aaUeading: and foe this reason is prone to cast aside the work of the 
aa of no permanent value. The botanist is right in considering 
that • ^BC'' bogment of a leaf in an indifternot atate of preservation is scarcely 
on which to found a new apeelM; nor should he admit that slight 
HflirtniM IB tbeform, margin or nvrratioo ot iMveaconstitutx sp»-iSc differences. 
;, on the oibar bud. inalata thatnlnl.' u.nth .^t his n-ork ia 
and muat be nvlMd ia the li^zh; . [ hurr di^oovesi 



4 



L^aleefaoteBWt aa of no 
Ifeal S riB(la bogment 
■Mttdaotctala on which 
»*iialioaa IB tbe form, m 
n* pclHbelaBMt, oi 
cf awwaiiiy iaeanplete 
m 



GEOLOGY AND PALEONTOLOOY. 165 

nererthelesB the greater part of it haa penuaDent value. NotwilbBtandicfr ibe 
tact that the foHBiJB with which be worka are extremely ucaatiaractory, still there 
remnios n great maaa of material which is oot only of extreme geoeral iDlere«t 
but also of poaitive value in determiDing the age of the rock in which it is fouiid 
aa well as the phflogeny of the plant forms. Thece statements are ordioarilj ac- 
cepted with more or lejs of reaerTatioo by investigators aloDg other lioi a. 

It ia possible that this undesirable condition of nSalra baa ariseo partly from 
a miauoderstandiog of terms aod partly on account ot the metbcxja employed by 
the paleobotaoist, During the early bietory of thin science, ae of all others, 
vegetable paleoDtologista were too often content with aimply multiplying species 
ralher than in working out the phylogenetic probkniaof plant life. Much of the 
work will Btand ; while a great part of it must eventually be revised, as the work 
of tbe older botaniata haa been revised. The work along paleogenetic lines could 
scarcely have been done earlier because of ineulficient data: but the time bae 
arrived when, if paleobotany is to keep pace with other sciences, this vital point 
may not longer be neglected. 

Tbe terms "speciea," aa employed by the botaniatand by tbepaleobotaniat hre- 
not lo be considered synonyma. Tbia fact was tersely stated by Mr. Lesquereux 
in bia first paper, in 1868, ae follows: " It ia well understood that when the word 
■species' ia used in an eiamination of fossil plants it ia not taksn in its precise 
sense. For. indeed, no species can be established from leaves or mere fragments 
of leaves. But aa paleontologists have to recognize these forms described and 
figured, to compare them and use them for reference, it ia necessary to affix to 
them specific names, and therefore to coosider tbem as species." 

In other words, the term "species," aa it has been employed by paleobotan- 
ists, is little more than a convenient handle with wbicb to manipulate certain 
more or less identical forma. No one who has given tbe matter any attention can 
be unaware that tbe identification of species from leaves alone is in many cases 
impoaaible. Leaves ot a dozen species of living willows, for eiample, are ao simi- 
lar in nervation and outline that, if mixed up, they could not afterward be re- 
ferred to their proper species by any living botanist; while, on the other hand, & 
dozen leaves taken from the same Cottonwood tree might be placed in half that 
number of different speciea. 

The identification of foasll leaves rests chiefiy upon two points; form or out- 
line, and nerration. Of tbeee, nervation ia generally considered as determin- 
ing generic, and outline specific, ditTerencea. That these points obtain for soma 
plants appears reaeonably demonstrated ; but their universal application remains 
to be proven. The aubject of tbe nervation ot dicotyledons haa never beeo 
worked out, save in a general way, and it is one of vital importance to the science 
ot paleobotany. In view ot these fads, then, it would seem that until this ques- 
tion is settled tbe continued indiscriminate naming of new speciea on slight and 
often fancied variations in form or nervation can only add to tbeapparent conf usioa 
into which the science has fallen, 

It ia not deemed expedient in this connection lo enter upon an extended dis- 
cussion of tbe genera andspecies of the group. "The Flora of tbe Dakota Group '^ 
contains practically all the forma so far recorded, and to It the reader is referred 
for details. 

FN VERTEll KATES, 

Tbe invertebrates found by Professor Mudge in Saline county, Kaaaaa, and 
considered by Meek and Hayden as representing Dakota forms, are now gener- 
ally conceded to belong to tbe Comanche series. The "Mentor beds," as these 
hoiitoOB were termed by Professor Cragin, are now considered as the northern 
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limito of Uu Kiow» stuk, rermratiDg. probablj, ilt« exIrvBie liuita ol tfae Bel- 
Tidenui ar* at the tvgiDDicg of the Dakota epoch. 

T1i« fii*t coDcetion of foanls from this kicsJit7 conOuiwd t««lre mpede*. 
From time to time •dditioua hare been mada to Itiw nuinber, until probably fiftj 
BpMTteB bare beeo recagDtied froBi tbean beds. TIm foMila have all been (ouod 
in tfae lowe* part of the Cietaeeoos al tfac tegioa, prafaabl; all iritbtn 100 feet ol 
the Pcnnian. Above tbeae bonuMM no more eheils ate fonDd in ibe Dakota 
until the upper Isjers are reached. Meek and HajdeD mentioD three iarerte- 
bratea found near the tnoath of the Big Siooi river, and a few additional ipecies 
bare since been found in the aanie localitr. P rvl tj mor Hicks discovered a lo- 
calit7 in Jefferaon, oannt; N'ebraaks. from which Doctor White identified seven 
speciea. Dnring the summer of 188S the nriter discovered tvo iocalitiea in the 
upper part of the Dakota from which ah^lls were obtained. One of these ia near 
G^aaeo, Kan., and the other at Jackson. Neb. The faoriion of thsee widelf 
separated localities is practical); the nme, being abool fiftj feet below the base 
of the BeotoD. The shelU were submitted to Dr. T. W. Stanton, our best au- 
thority on Cretaceous icTertebraies, and were referred by hitn to a number of 
species hitherto found in either Che Big Sioux or Ibe JeSersoo count; localities- 
Doctor Stanton states thai the shells from the Mentor hare not been found in 
the upper lajeira of the Dakota, and rief reria, with the possible exception of 
some species of Otlrea of which Ihe identiScatioo is uneertuo. 

Mr. Logao, hoveTer, reports species from the upper beds which are also 
Ibusd ia tbe Heotor. The following qnotatioc is from Mr. I^igan's paper: " In 
tks oppsr Dakota group fossils have been found in three boriions. In tbe thin 
etayersof the first shale bed the following fossils were found." (Then 
I of fourteen shells.] "In the salifNous-shale horison was 
I, of which the tollowinR have been determined. ■ . . 
D twenty five species have been found in the Dakota."*^ 

Of Ilia diaUa mcntkwed by Mr. Logan, at least eight have been recorded as 
oc wir r ia g ia tha Mentor, either in Saline count; or near Marquette, while several 
mre aBoog tboas irttich have been found onl; in the upper part of the group. 
Tbe writer makes no i«etensions to a knowledge of invertebrate paleonlolog;', 
and csBseqneBtl; disclaims the ability to inteliigently discuss the question. 



nte ^ndt} of vertebrate fbeslls in Ibe Dakota has long been a matter of note. 
As lata aa 1SB8 Doctor Williston said : " No vertebrate remains of an; kind hare 
as br basB diaooveied in Kansas or elsewhere, save some impreaeiooa or casts. 
A rseerd of footprints from this formation was first made bj Prof. B. F. Hudge 
is UOe. and a later one by Prof. F- !I. Snow."* 

Tks tiacks described by Professor Mudge were found by him in the valley of 
r, about fifty miles from its mouth. The slab containing tbe 
fcet at the Kansas stincuttural college. It is but just to saf that Uie 
origin of the prints has been questioned, and Professor Mudge himaelt 
■as kd to beOeve that they wars tha work of Indians. 

1W tndi deaetibcd by Proteasor Snow wassecured on Thompson creek, £ll»- 

T-™ - in 188S, by Judge G. P. Weet." The horixon from wbieb ' 

was taken is about the center of the group. The slab containing 

ow pneerved in the mu^vim of the Kansas university. Tbe im- 

taefUeetly avian in character, and bss been «.-■ regarded by certebrate 
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Since the etatemect of Doctor WillistoD, quoted above, two rcrtebrat« fosails 
have been found la the Dakota. Prot. C. 3. Parmecter has receutly deacribed a 
fosBil turtle found soutb of CoocordJa." The foBsil cast is composed of the 
characteristic red sandstoue. It is elev^D inches loog, oine ioches wide, and con- 
taine the welldefiaed impresBionB of tourteeu ribs. 

On August 27, 1899, the writer found, at the Hi({h banks along the Missouri 
river, n mile above Decatur. Neb., a reptilian vertebra. The foeail was found 
embedded in a bank of yellovrish clay near the water's edge. The centrum of 
the vertebra is TO mm. lone. 55 mm. wide, constricted to .15 mm. in tbe middle, 
the ends being but slightl; concave. Doctor Williaton, to whom the fosBil was 
submitted, was unable, on account of its imperfect state of preservation, to iden- 
tic it with certainly, but considered it the vertebra of either a crocodile or a 
dinosaur. 



The Dakota Cretaceous as a group ia widely but not thoroughly known. Its 
history dates from 1S04, when Lewis and Clarke first described the hillg of soft, 
yellow sandstone Dear Sioui City. The controversy concerning the age of the 
group, waged by Meek, Haydeo, and Newberry, against Swallow, Uawo, Marcou, 
and Heer, occurred from 1855 to 1864. The men who have written most esteo- 
sively concerning the group, liesides those just mentioned, are White, Ward, 
Hay, Mudge, and especially Leo Lesquereui. 

The Dakota extends from southwest Kansas to northeast Nebraska, along a 
line over 500 miles long. The region of outcrops along this line appro.iimates 
thirty miies in width. It reaches its greatest development in central and north- 
ern Kansas, To the northeast and southwest of this region post- Cretaceous 
erosion and deposits have so modiSed the Dakota that the outcrops are usually 
restricted to lines of blutfa or isolated exposures. 

The rocks of this group rest either conformably on the Comanche Cretaceous, 
or u neon form ably on the Permian or Carboniferous. The line of demarkation 
between the Comaocbe and the Dakota has not been sharply drawn: and, in the 
light of our present knowledge, such a line is impracticable, The Dakota grades 
upward into the Benton wherever the latter is present; otherwise the upper limit 
is marked by a line of unconformity below Cenozoic rocks. The stratigraphy 
of the group has not been well understood. Instead of oonsistlng almost eiclu- 
sively of sandstone, it is found that the greater part of the entire thickness is 
composed of clays and shales. There Is no general continuity of strata, the van- 
ouB members appearing and disappearing without seeming regularity. The 
origin of the rock is probably estuarine or beach deposits under changing condi- 
tions of elevation. Besides the ordinary forms of stratigraphy, many peculiar 
phases may be obsert'od, such as concretions, gravel-bods, quarta-Hke ledges and 
the like. 

The atone of the Dakota is used for building purposes to only a limited 
extent. The clays, however, are destined to become an important econumic fac- 
tor. An excellent quality of brick and tile has been manufactured from this clay 
in several localities. Coal is mined in limited areas in northern Kansas, but ia 
inferior both in quality and quantity. Sandisplentifulbut is not in great demand. 
The few deposits of gravel in the formation are being utilized by railroad companies. 

The water-supply is inexhaustible. The Dakota sandstone is the great water 
bolder of the plains. The origin of the water has been assigned to three sources, 
, Tlz.: Artasian flow from the mountains, sheet water, and local rainfall. Springs 

«Tery where present and constitute an important economic phase of the group. 
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Rend before the Aeadenii', nt Topeka. Decetubor iS. 1900. 
In southern Kaaaaa the Marion and WnllingtoD formations include all the 
upper Paleozoic rocks between the top of the Flint bille and the base of the 
Red Beds; or, id other worda, between the Chase ot Prosser' and the Harper of 
Cragin.' According to CrngiD'e classification, tfaese two formatioDB are included 
ID the upper or 8umner diviaioD ot the Big Blue Beiiee, immodlatelj subjacent 

The lower or Marion formatioD, as first described by ProHSer," consists of 
nome 400 feet of rather soft gray or bulT, rossiliterous limestone, alternaling with 
variouely colored efaalee and marls. The name is from Marion county, wherethe 
formation ia well eipospd. To the rocks comprising approximately the same 
torinatiaD Cragio afterward applied the term "Geuda aalt measures."' By the law 
of priority, however, the llrst name has contioued to be used, aDd the latter 
has beeD dropped from the nomenclature ot the region. It ia in the Marion that 
the magnificent ealt bede of central Kansas occur, and It is the teaching out of 
the brine from these beds as tbej approach the surface to the east that produces 
the salt-springs and wells along the line of outcrops. Of these, the Geuda spriDgs 
are perhaps the moat noted. The limestones of the lower part of the Marion con- 
tain the most typical Permian fauna to be found in the West. 

The term "Wellington" was first applied by Cragin" to the shales formerly de- 
Ecribed under the term "gray shales" by Robert Hay. Proresaor Hay used the 
term in contradistinction lo thB"red shales"of the Red lieds further west.' 
The Wellington, as described by Cragin, consist* of aeveral hundred feet of gray, 
red, green and blue shales and clays, containing occasional impregvatioosof salt, 
gypsum, and dolomite. The line of separation between the Marlon and Welling- 
tOD has nerer l>een sharply demarked. The same dilGculties are enoountered 
here as in the claealfi cation ot the various formations of the Red Beds. Tiz.: ab- 
sence ot foasils, and such gradual change Id the lithological character of the rock 
that hard-aod-tast lines may rarely be drawn. 

The line of separation between the Wellington and Harper, in other words, 
between the Big Blue and the Cimarron, is perhaps more easily located. The 
change from the gray and blue shales ot the former to the prevailingly red sand- 
stone of the latter ia comparatively rapid, and in not a few Incallties the line of 
divlaion may be definitely located. In a paper describing the atratigraphy of 
the region ot McCann's quarry, near Nardin, Okla.,' In which fossils were tirst 
found in the Kansas-Oklahoma Red Beds, this fact was emphasized. In thia 
region the green, gray and blue ahalea of the Wellington are succeeded by a fos- 
siliferous ledge ot aandatone three to six feet thick. This ledge, known as the 
McCaoQ aandstoue, is considered the basal member of the Harper, or Cimarron, 
series. The ledge contains vertebrates, invertebrates, and leaves. The McCann 
sandstone may be traced for a number of miles througiiout Kay and NobJe coun- 
ties, Oklahoma, and serves as a guide for the stratigrnphical work of the region. 
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Tlia imm lit til* MMrloii I* tlxtNl by lM>t)] I'ltMiier And Cragin at the Wiofield 
tniHi'Mlliiiiar; llliitiiloiiii.' Tlila la a (rrominniit \odg<\ that extends from Marion 
•■iiitiiljr ■iiiitliwarili riirnilnu Iho nmarptuont weit of the Watoul river almo«t 
friMii lia wiiirun hi ItN niniith, u wull aa nuniorouB mounds aod blufTa to the east 
tillhl'itmnni, It la wnllaipMWKl noar WInfleld and Arkaasas City, aad extends 
lltlii lihlalxiMia Ml tNr ai thn vkUnlty ut I^lnon City and White Eagle. Tbe top 
III tha Wf>lllii||t«» l>i>lii|tat itiM lliip o( nontaotnt that rnrroation with tbeotcr- 
Ijrtiiii llwt llixia, It fi'lliiwa that llin Uuu uf tbn intern outorope of the R«d Beds 
will alaii l<i> Mil' wixtnrti llMill iif tlio Wottington. The northerti exposure of tbe 
lUO IhnU n'liii l>i tile wrilvr In iii>nr Arliiiglou, wosterti Reno couDty. From this 
IHiliil llif pa*lt>iii Ihtilt 111 thMH> bnda may Ih< tracod auulhcnct along a line paae- 
liilt iii-at ( 'nallHlKti, N»w Murdikrh, Norwich, and Argnola, to the vicinity of 
ihtlttwHll. Ill aiitittiarn Knoaaa, llivn. thp Mariiw and Woliington tonnationfi oc- 
nHf tH lha^>llllwln|(^ntlltlr«: WmImd Marion, Ugtlcr, and Cairic;: pnetioally 
all of IUi'»>,t.Htiniiin-. Hn)««|i-h.anvl MoPheraon, and tasteni RenoandKit^ 
WftH. Tliivutttiiitil a It'**' Pft "f llii* *i*ii the I^Uooioic is oorered with poat- 
Maaoiili' ^•t•>lalll»l• : lo'UH" (b* K.)uw limla of McPtkaraOB. Harroy-. and Rtao 
iVMMIIm ThpMi Auiualhvuh howvrw, will not b» diacwed io thia coBawettoB. 

A «l«ui-« at Ih* HM)twm «lmw thai, atom tba panlMof tfaa nortk Sneof 
HnWwh^ ivuMty. Ihr tfra fc*wMi> iww imW ^ K Baaloo ecowny an an» gutty mitat 
«Wv lt\uw Nirt ht ir<Mt. t^ tb* alalia Uaa, «xty-Uii«a waUrn aMitb. iba Aataaea 
«MVM tkw *nalainMln*»v«a4tkMjr>iaM' U wfll aba te atca Itat lU> ea*- 
lNi»MM v4 afva VMAkvud to n«M4 ^ Ite aM^HM MHd «< Ika IM fl« aaMBB 
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the line of outcrop of the McCbdd sandatoDe. from Caldwell to Redrocb, a dia- 
tance ot fift; miles. The area occupies the greater part of Kaf and a small part 
of Noble and Grnot counties. 

The work already done oq the geoiog; ol the regioD is but fragmeotary. The 
data collected on one or two renoDDaissance trips, made at various limes, consti- 
tule almost all of the available iDfomiatioQ at present. Although do fosailB 
have beeu found ia these formations in Oklahoma, it is now known that the hori- 
zons immediately sub- and superjacent contain organic remains: and it Is by no 
means improbable that research will reveal fossils in these beds. The litbological 
character of the rock is, iu some cases, ot especial signiticaDce. It may often be 
observed that a shale bed becomes distinctly areDsceous to the south, so much so 
that in many instances the lithologj changes entirely, and the rock will become 
a true sandstone. Further south in the territory there are several hundred feet 
of gray and brown sandstones and shales below the Harper, for which the name 
Stillwater sandstone has been proposed. It may eventually be proven that the 
Stillwater is but a southern continuation of the Sumoer, While no attempt has 
been made to correlate these rocks with the Texas beds, it may not be considered 
improbable that future investigation will demonstrate that the Wichita beds 
south of the Arbuckle mountains are contemporaneous in time with the Salt 
Fork or lower division of the Red Beds in Kansas and Oklahoma. 

The investigations of the Oklahoma Geological Survey during the past eum- 
mer revealed the fact that the ledges of limestone aud shale that form the Flint 
bills tbiu out to the south and disappear before reaching the middle of the terri- 
tory. The culmination of these hille is evidently in eastern Cowley county. 
Even within Kansas, however, ledges of sandstone appear near the top of the 
Flint hills. These sandstones become more pronounced to the south, and in the 
southern part of the Osage nation occupy perhaps half of the thickness of the 
formations. In eastern Payne county. Oklahoma, and the northwestern part of 
the Creek country only a few comparatively thin ledges of limestone remain, and 
in Lincoln county the last ot these disappears. Along the line ot the North Cana- 
dian, from Oklahoma City to Okmulgee, no limestone appears. In this region 
only Bandstonee and shales i 

From what has preceded, it will appear that south ot the Kansas line the 
Carboniferous sandstones from the east and the Red Beds from the west grad- 
ually approach each other. At the same ti.me, the Flint hills and the Sumner 
division become less and less pronounced, until, in central Oklahoma, both of 
these divisions have disappeared and sandstones and shales occupy the entire 



THE OKLAHOMA SALT PLAINS. 




re the Acidvmy December tS. IMO, 
There are in the Permian rocks ot Kansas and Oklahoma two distinctively sal- 
iferoue horizons. To these Cragin, in bis article. "The Permian System 
saa," ' gave the name Cleuda aalt measures and Salt Plain n 

-, had priority over the term Geuda salt n 
is now in general u 

The Marion formation lies immediately above the Flint bills. It oonaista of 
from 400 to 500 feel of saliferoua and gypaiferoue shales and clays, with a 
siderable amount of fosailiferous limestone in the lower part. The salt obtained 
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Bt HatchinsoD, Ljods, Sanopolis, aod other Kaosaa poiota is from thia (filia- 
tion. Along the eastern outcrop of this BaliferouB horizon, in Cowley, Sumner, 
Sedgwick, Butler, and Harve; couotiea, Ksoeaa, the vater is often disdocUf 
salty. In ihe vicinity of Geuda Springs there some small salt pluos, but in com- 
parison with those referred to later in this article they are scarcely worthj the 

The MnrloQ is succeeded above by the Wellington, and this in turn b7 the 
Harper.' These two formations, which approximate UOO feet in thickness, are 
composed throughout of variously colored clays, shales, and sandstones. In the 
Wellington the clays and shales are prevailingly blue, green, or gray. In the 
Harper the color is normally a brick red. Throughout both formatione there is 
a great quantity of mineral salts. Of these, gypsum and common salt predomi- 
nate, although magnesia, borax, dolomite, and others are not infrequent. These 
mioerals seem to increase in ttmuunt toward the upper part of the formations. 
The salt particularly appears to reach its culmination in the Salt Plain measures 
which lie upon the Harper, 

Stratigraphically, the Salt Plain is the most unsatisfactory formation in the 
Kansas- Oklahoma Red Beds. Indeed, it is still an open tjuestion whether it 
would not be wise to either assign it to subformation rank under the Harper or 
drop it altogether from the nomenclature of the series. In discussing the fonos- 
tion. Professor Cragin himself says: '■ The Salt Plain measures force themaetres 
upon us as a very pronounced and, if interrupted, persistently recurring saline 
horizon."' It is not doubted that the saliferous sandstones and shales are of 
frequent occurrence in the middle Kansae-Okiahouia Red Beds. Nor is it 
questioned that the culminatioD of these measures is below the Gypsum hills. 
But that all or even a greater part of these measures are confined to a definite 
horizon remains to lie proven. In fact, it has been demonstrated that the largest 
salt plain in Oklahoma —the Salt Fork plain— is located near the middle of the 

The Salt Plain formation, as described by Cragin. outcrops along a line skirt- 
ing the east flank of the Gypsum hills, from Barber county, Kansas, as far south 
as the Canadian river. .According to bia last claesificalion, it lies between the 
Harper and the Glass Mountain formations;'' the Harper (nmprising the large 
level area in southern Kansas and central Oklahoma, and the Glass Mountain in- 
cluding the eastern elope of the Gypsum bills. Of the four large salt plains in 
Oklahoma, at least three may be definitely assigned to this boi'fioa. These are 
the Big Salt plain, and Little Salt plain of the Cimarron, situated in the northern 
part of Woodward county, and the Salt Creek plain, in northern Blaine oouo^. 
The latter is located near the head of Bait creek, a tributary of the Oimarron. 
In every case these plains are situated in canons at the base of the Gypsum 
hills, and from l.'iO to 200 feet below the heavy ledges of gypsum which cap these 
hills. 

Perhaps the moat noted of the salt plains, from the standpoint of a historiao, 
is the Big Salt plain of the Cimarron. The first white man to visit this place 
was probably Coronado, in his journey across the plains in search of the seven 
cities of Cibola. In regard to this event, Mr. J. R. Mead says: "The route or 
trail of Coronado, in his famous expedition from the Pueblos of New Mexico 
s the prairies of Kansas to the populous tribes of the Missouri, will ever 
3 open question. The oqIv point that we can locate with reasonkbls 
certainty is the salt plain of theCimarron. just within the Kansas line — the oclj 
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all the plains country. 
a article ol trade from 
el I -known geogmphical 



e where rock salt cao be obtained oa tbe aurfacp ti 
This salt was knoim and used tiy the IndianH, and wsb 
tbe Giiir to the British line, and this locality' was a 1 
point, from which distancea were reckoned."" Tbe presence of N dozen or more 
trails, now nearly obsolete, radintinB- from the plain like spokes of a wheel, bears 
testimony to the fact that this place was long used ae a source of supply of salt 
to the various forts and settlements of the surrouudiue: regioue. Indeed, it is 
but a tew years since salt from this plnin was hauled for hundreds of miles in all 
directions, und not until the time of tbe discovery of extensive beds in central 
Kansas did this iodustry wane. 

The Big Salt plain proper extends for eight mites or more along the Cimarron 
river. In width it varies from half n mile to two miles. On tbe south bank tbe 
bluffs of red shale and sandstone capped with gypsum rise directly from the edge 
of the plain to the height of 100 feet or more. North of the plain these bluffs 
are cot so Bteep, and are at a distance of a half mite or more from the plain. 
Eveu here, however, tbe eiauous white Hue of gypsum may be traced along the 
tops of the biulfs as far as Ibe eye can reach. In other words, the plain lies in 
the broad cailon of the Cimarron, enclosed on both sides by gypsum -capped 
bluffs of red shale. 

The plain is flat and as level as a floor, except for a few meandering chaooels 
which, in wet weather, contain a small stream, but are ordinarily dry. After a rain 
it will sometimes happen that a stream of considerablevolumeflowsover tbe plain, 
but during the summer months nearly all the water either evaporates or sinks 
into the sand. In places where a small stream still runs down the cbancel, tbe 
water is often so salty that a Ibin crust of crystal white salt forme on the sur- 
face, resembling nothing bo much as a sheet of ice tioroRS a amall stream in 
winter. The entire plain is covered with a thin incrustation of snow-white salt 
crystals. In most places this incrustation is not to exceed an eighth of an inch 
thick, but it reflects the sunlight and bliuds theeje like a snow Geld. Especially 
if the wind be blowing the small particles of salt, a walk across the plain makes 
the eyes smart and burn in a manner not easily forgotten. 

In a large cove on the south aide of the plains proper, there are a number of 
salt springs which boil up out of tbe flat surfac« of the plain. The water is 
crystal clear, and it sometimes requires more tbanocular proof to convince one that 
it contains nearly fifty per cent, of salt. There are scores, perhaps hundreds, of 
these springs on an area a few acres in extent. Some of them flow streams as large 
as a man's arm : others are much weaker. In all cases their presence is marked by 
a conspicuous white incrustation of salt, which forms around the spring and 
along the sides of the little stream that Bows from it. Particles of grass or 
weeds blown into these springs or streams soon become covered with white Bait 
crystals. These strings of crystals are often an inch or more in diameter and look 
like rock candy. In places tbe incrustations around tbe springs are so thick 
that the salt may be scraped up and hauled away. This is the source of the ao- 
called rock salt of the plain. 

The Little Salt plain is located a few miles further up tbe Cimarron, Just on 
the border of Kansas. It does not differ materially from tbe plain just described, 
except that it is much smaller and the bluffs on either side of tbe river are 
neither so high nor precipitous. 

Besides the two plains of the Cimarron, the Salt Creek plain, in northern 
Blaine county, also belongs to the Bait Plain formation. Like the others, it is 
located in a oaDon at tbe toot of the Ornsum hills. This plain is much smaller 
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than the Big Salt plain just described. It is tiot to exceed a quarter of a i 
wide in the widest plaice, aad tor the greater part of ita course ia not more than 
100 yards in width. It ia perhaps three miles long. 

The regioD of Salt creek is one of the moat pictiiresque Bpots in Oklahtmia. 
The uplnnd covered with jack- oak -bearing Tertiary sands breaks off into precipi- 
tous cliffs and caiiona 200 or more feet deep. The slopes ot these caiioDS are 
composed of the brick-red shales of the Glass Mouotain formation, and sue 
capped by the roaestve white ledges of gypsum and dolomite of the Cave Creek 
formatioD. Dozens of narrow caflons with cedar- cove red slopes radiat« out- 
ward from Salt creek and its tributary. Bitter creek. It is in the head of the 
mafn Salt Creek cai^on that the springs which supply the plain are found. A 
fifteen-foot ledge of red-aDd-blue-mottled, tross-bedded sandstone outcrops in 
the heads of several branches of the main cation. It ia from this saiiferous 
sandstone that the springs issue. Along the bottom of the caiaon salt incrusta- 
tions cover a narrow strip 100 yards or more in width. A mile below the springs 
the caiiou widens out and the creek leaves the wall of hills and entere the flat 
country. The salt plain spreads out, and in one place becomes perhaps a quarter 
ot a mile wide. A mile or so down the creek it is joined by other streams and 
MOD loses its individuality. 

From the standpoint of economic importance the Salt Creek plain exceeda all 
others in the territory at the present time. A number of primitive salt plants 
are located along the edge of (he plain. The methods employed in theevapora- 
tion of salt are extremely simple, A well is dug in the soft sand of the plain, and 
the water pumped by hand into vatfi and evaporated by boiling. It is stated that 
three buckets ot brine make one of salt. The capacity of the best plant running 
at the present lime is approximately 2000 pounds per day. The salt is hauled in 
wagons to supply local trade. The demand is said to exceed the supply for a pkrt 
of the year. There is enough lirine in this locality alone to make a number of 
car-loads ot salt a day. 

The lar^st salt plain in Oklahoma, however, is not near the Gypsum hills. 
nor even in the region of outcrops of the Salt Plain formation, It is in the north- 
eastern part of Woods county. The nearest point of the Gypsum hills is at least 
thirty miles from this plain. As stated above, the geological horizon is well down 
in the Harper, perhaps 200 feet below the top of this tormatioo. This plain is tb» 
only one in the territory that is not located on the waters ot the Cimarron. It is 
usually known as the Salt Fork plain, from its position on the Salt Fork of tha 
Arkansas. The plain occupies an area approximately eight miles north and aouth 
and six miles east and west. The greater part of the plain lies south of the river. 
It is as level as a floor and absolutely bare ot vegetation. Only here and there 
does an occasional bit ot drlttwood break the dreary monotony. On a warm day 
a view across the snow-white plain stretching away into the seemingly infinite 
distance will often reveal a mirage shimmering along the horizon. Trees, water- 
courses and cultivated fields stand out in bold relief, and so natural do they ap- 
pear that one may sometimes be tempted to believe that they are more than mere 
optical illusions. 
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FAUNA OF THE PERMIAN OF THE CENTRAL UNITED STATES. 
PART I. 



Read before tbe Acb Jcmy December 20, 1901. 

It is proposed to give under the above title a discussioD of the etratigraphy, 
tauna and faunal relationahipa of the Permiaa of the Mississippi valley. An ar- 
ticle la Don in preparation on tbe fauna and stratigraphy of a portion of the 
Lower Permian (below the Red Beds). A preliminary note on the fauna of tbe 
Upper Permian ( Red Beds | mnj be found in the fortbcomiug report of the Okla- 
homa Geological Survey. 

The object of this paper is merely to bring to notice a tew very interesting 
species not heretofore known, leaving most of tbe discussion of them to tbe later 
paper, where the fauna will be discussed more fully and the descriptions and 
figures of the fauna as a whole given, 

Tbe fosails herein described are from a valuable collection made in Gage 
county, Nebraska, bj Prof. W. C Knight. The discussion of the geology of this 
region will be found on page 357 of tbe eighth volume of tbe Journal of Geology.* 
Tbe specimens herein described are Don in tbe museum of tbe University of Ne- 
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Avicolopecteu nebrascensis, n. ep. Plate XIII, flgs. 3-.3d. 

Shell moderately large, quite convex, somewhat resembling A. oc.cidentalis 
Shum. in general appearance. The posterior ear of tbe left valve is moderately 
smalt, the posterior margin being only slightly ainuated below it. The anterior 
ear is moderately well rounded in front, with deep sinus below ; sulcus between 
the ear and body of tbe shell not very well defined. Hinge line about two-thirds 
the length of the shell; beak widens rapidly, slightly protruding. Eicept near 
the ears, the shell is moderately regularly rounded. The surface is marked by 
radiating striic or costii.'. sometimes wavy, and occasionally one is larger than tbe 
majority, increasing by implantation. Tbe right valve is llat, with the byssal 
notch extending to tbe body of tbe valve ; tbe markings of tbe bod; of the valve 
similar tji those of the other half of tbe shell. Length, 33 mm.; height, 3,1 mm.; 
conveiity, 10 mm.; length of binge, 21 mm. 

Permian, Gage county, Nebraska. 

This species seems to be derived from A. occideniatis, and differs from it in 
tbe small posterior ear, great convexity, and the wide-angled beak. 
Pinna? coprolitiformis, n. sp. Plate XIII. figs. 1, 1/j. 

Shell moderately small for the genus: angle of divergence large; binge nearly 
straight; ventral margin apparently irregular; anterior end blunt. Tbe entire 
shell is wrinkled vertically and has little tbe appearance of the usually graceful 
Bpecles of the genus. The markings and lines of growth are very indistinct in 
our specimens. These markings are very much like those of Avicutopinna, but 
are very faint and very fine. Length, fiOmm.; height in widest portion, 30 mm,; 
convexity, about 22 mm. 

Permian, Gage county, Nebraska. 

The generic position of this fossil is uncertain, as the beak is not well pre- 
served. It seems to have more nearly the general form of a Pinna than of an 
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jivirtito/iinnri, sod it \e prorisionallj referred to that genus. It is liabla to b« 
coDtounded iritb no other spedee of either genus. It ie much more liablo to be 
taiBtakeo for a coprolite. 
Aviculopinna knighti, d. sp, Plate XIV. fig. 2; plate XIII, fig. G. 

Shell extremelj large, slightly arcuate, rompreesed laterally, aad having- a 
very amall angl^ o( divergence at the end. C'ardical ridge emali compared with 
the size of the shell. The atriic meet the hinge at about a right or slifrhlly 
oblique angle. They pass downward to about the middle of the ehell, wber« they 
turn forward, as common among spectea of the penua. Both rentral and dorsal 
margias are similarly, though slightly arcuate. Ijength, 22 inchea. with about a 
foot missing; height at widest place, B3 mxn. 

Permian, Gage county, Nebraska. 

The beak of this fossil is missing, but the form and markiogs are such as ta 
place it with all probability among the species of this genus. The jouDg speci- 
meoe of this epecies are remarkably long and narrow, presenting a peculiar ap- 
pearance. Jt is named in boDor of Profeaaor Knight, who collected the tjpe. 
Avicnlopiona nebrascenis, □. ap. Plate XIV, figs. 1-Id. 

Shell moderately large, roughly triangular, compressed laterally, widening rap- 
idly toward the posterior. Hioge line straight; marginal ridge moderately promi- 
nent; ventral margia slightly arcuate; posterior extremity meeting the hinge at 
an obtuse angle, the lower third rouuding forward to meet the ventral margin. 
Beak very indistinct and very near the anterior end of the shell. The surface u 
marked by stri.t passing slightly backward and downward two-thirds or three- 
fourths the diatance acroas the shell, where they curve rather abruptly fornard 
and downward, finally reaching the ventral margin as they fade out. The lines, 
as ahowD in the cast, are fairly approximate and not very prominent. They ap- 
pear to be nearly parallel to the ventral margin on the lower quarter of the 
shell. Length, 107 mm. ; height a little in front of the posterior end, 41 mm. 

Permian. Ciage county, Nebraska. • 

This species differs from A. i;/i'yioiVn»i«, which it most resembles, in being 
higher, in having a straight hinge, leas distinct markings, and larger. It differs 
from A. pinjifr/ormig Geinitz, from the Permian of Europe, in not having anjr 
radiating striie. 
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Pinna f co]iroli(i/orm>». 

1. View of left aide of specimen. 

Ml. Diagrammatic reproduction of the string from the middle to ventral margin 
of the opposite valve of another specimen. 
Allorin'na ap. 

8 and 2li, The two valves of an JSrfmonrfio-shaped Altoriama. 
Aviculopnclen ncbrascKnuU. 

3. Flat valve, showing byseal notch. 

3'i. Convex valve, cast, showing form and markings. 

3c. Outline of the same, showing conveiity. 

3['. Larger specimen, with wary striie and straight posterior side ot shell. 

5 and bb. Pedicle and posterior view of an undetermined brachiopod. 
Aviciilopinnri kni'jhti. 

C. Lett valve of specimen ae it appears, one-fourth natural size. All othw J 
specimens natural size. 
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At'iealopinna nedraaeensia. 

1. CoBCftve cast of Talve, ahowiag markiugfl. 
lb. Cost of t;p«. 

Ic. Portion of another cast, shoving directioo ot markinfts, 
1'/. Figure sbowiog outline of poaterior of shell. A II oatural size. 
Ai'icritopinnri k»lf//ili. 

2. Outline of foung apecimeo. One-hnlf natural size. 



THE AMERICUS LIMESTONE. 

Bend betote llie AcBdKmy Decomber is, lilOO. 

The limestoae under conelderatloD in this paper la called the Am 
stone on account of Its being exteneively quarried near that village. It was 
thuB denominated b; Kirk in his Neosho rirer section, and is referred to by blm 
on page 80, volume I, of the University Geological Surrey, but It seems to have 
escaped identificatioD In other localities. 

The color of the Americus stone is a neutrnl drab, weathering to a light buff 
on account of the oxidation of the iron it containa. Its texture is even, com- 
pact, and Beiuicrystalline ; bardnesa, three. Its thicknesa varies in different 
localitiea, from aixteen to twenty-two inchoa, and it may be obtained in blocks 
of any required size. All points cooaidered, it is by far the beat building stone 
in Lyon county. 

Ad analysis of the stone yields the folio wing'elements, approximately in the 
proportiona given, viz.; 

BDica (8iOs) 6 

Calcium carbonate ( CaCOs) 75 

Alumlnates and ferrous carbonate (FeCOa). ........ IS 

Magnesium carbonate (MgCOs) G 

101 
Fossil fauna are quite abundant, the upper portion containing great numbers 
of FuKullna Oj/liudriua; while crinoid stems, Produf:tue voatahig, Produr.tun 
»emirelieii!aliig, and SpiH/er canierata and a species of RcUia are occa- 
sionally found in the lower portion, the Relzia being very abundant In the 
shale above, while the yellow ehale benenth is apparently barren of fossils. 

The adjacent strata, both aliove and below, are a aeries of thin-bedded lime- 
slODes and ahalea, the ahale Haeuming an arenaceous character atM>ut thirty feet 
below, while thirty-five feet above is the most productive FuKulina horisoa that 
has come to my notice. They are there t>edded toeether in a friable limestone 
about tour feet thick, which disintegrates on exposure, freeing the little foesila 
by the million, so that they fill the Boil in many places for hundred of yards be- 
low the outcropping formation. 

There is a locality on Wolf creek, in the southwest corner of Lyon county, 
section 19, township 21. range 10, where they may be gathered with a ahovel. 
This horizon ia a prominent feature Id the series and may frequently be uaed to 
locate the position of the Amerious stonn vhen it is covered. 

The outcropping margin of >v usually be recognized at 

a distance by the large, t>" ra in evidence where 

the ground surface is at a to twenty feet are 
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of Irequent occurrence ia the soothweat part of the county. The ootcrop enters 
the county near the southweat corner and is found along the bluffe on the south 
aide of the Verdigris river, elevation, 1325 feet above sea-level; trending up tha 
river into Chose county, it croaaes, and reappears in Lyon county, in the hiUa im- 
mediately north of the river. Thenoe it followa generally a nortbea9t«rty direc- 
tiou, tor eight milea, to a point in section 1, township 21. range 10, where it attains 
an altitude of 13S5 feet. Thence it trendu northward to the hills one mile south 
of Phenia mound. Thence northwesterly, skirting the hills along the head wat«ra 
of PhentB and Jacobs creeks, it leaves the county, paaiiing under the Cotton- 
wood river one mile southwest of Saffordville, in Chase county ; elevation, 1110 
feet. Thence it reenters the county in section li, and extenda in a einuoua line 
to the comer common to sections 23, 24, 25, and 26, township 19. range 10, nhere 
it ia eiteoairely quarried on the old Rugglea farm, at an altitude of 1333 feet. 
For the next eight miles the general trend of the outcrop is northwest: returniog 
to within one and a half miles of the west county line, it paases under the 
Neosho river; altitude, 1130 feet: theDce its course ia nearly east sii miles. 
Thence it bears east of north in a zigzag line, passing between Allen and Ad- 
mire, at an elevation of 1300 feet, where it ie ijuarried for shipment on the Mia- . 
souri I'aciiic road. It leaves the county near the center of the north lin 

The dip of the stone throughout the county is about twenty-five feet to tli»l 
mile, fifteen degrees north of east. 

Quarries and typical exposures are indicated on the map. 
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DAKOTA SANDSTONE IN WASHINGTON COUNTY. 

Read beton the Academy Deeetntor &. ISOO, 

The Dakota fonnatioD, extending diagonally across the caunt;, reeta ui 
tormably upoo the Permian limestooe. This is true throughout the Dakota 
area, bo far as can be determined from the numerous exposures along its eastern 
border. Several trell-deficed contacts have been discovered, a most icterestiiiff 
one being on the farm of Mr. John Sage, in Farmington township. Another, 
that apparentlj sbowR thin transitional strata, is located about one mile south of 
Bond's mill, in Charlestoo township. The upper surface of th^ underljing 
Permian ie generally level, although in some localities there are evidences of & 
difTerence of level extending over Eimited areas. 

The Dakota, io general, shows the typical atructure in its exposures. In 
several locnlities there are outcrops of maesive sandstone, notably on the farm of 
Mr. Sage, above referred to, and also on the farm of Mr, F. J. Weakly, in Wash- 
ington township. In most localities, however, the exposures consist of irregular 
masses cropping out above the disintegrated material of the same formatioD. 
mingled with the overlying drift or loess. Evidences of glacial deposlta may be 
found throughout almost all the Dakota area of the county. 

In the northesslern part of the county the rocks of this formation are dark in 
color and ver>' hard, while in the central and western portions they are not m> 
compact and disintegrate rapidly where exposed. In Highland township the 
structure is characteristic, but the color is much tighter than in other eectioos 
of the county. 

In the western part of the county the overlying Benton limeBtone is separatAd 
from the sandstone in a few places by layers of lignite, in some places two 
three feet in thickness. 

The characteristic fossils of this formation are found in a few localitii 
though not generally distributed throughout the county. A Few well-deSn< 
specimens have been found on the farms of Mr. Lavering and Mr. CarnabaD, 
Washington township. About one mile south of Ash Creek schoolhouse, on thA 
(arm of Mr. Weakly, several specimens were found in a bluish shale of the Da- 
kota formation, .\baut one and one-half miles southwest of Day, and over aa 
area extending into Clay county, some very fioe specimens have been found by 
persons residing in that locality. By far the most interesting area of fossils, and 
the one that suggested the writing of this paper, is in the vicinity of Bond's tnill, 
in CharleBlon township. Here was found a Geld hitherto unexplored, and od» 
wbicb furnishes some interesting material for the student of paleobotany. A 
short distance south and southeast of Bond's mill, on the high ssndstone biu9a, 
and scattered over the surface of tbe ground, several thousand specimens wer9 
found, at first in company with Prof. C. N. Gould, at that time connected with 
tbe State University of Nebraska, and later in connection with my work in geol- 
ogy in the high school of this city. Most of these specimens were sent to tha 
University of Nebraska, where they were examined by Professor Gould. Repra- 
sentativesofthe Saetafraa, Plalanus and I'rofophyllum were identified, 
belonged to the well-known species of these genera, but there are evidently 
eral new species awaiting identification. Some of these forms are appareo) 
transitional, and may furnish evidence of the close relationship of the Saut 
and Plulanxie. 
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A NEW TURTLE FROM THE KANSAS CRETACEOUS, 
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Read betun 

Porthochelys laticeps, gen- et sp. nov. 

Skdll. Ths palatalflurfaceof the maiillie is very BhallowlyconcaTe, aDiJmmi 
what inclined intrard; it ia very broad, especial]; posteriorly. The alveolar or 
outtioK edge is remarkably deep, especially posteriorly, decreaeiDg to a little morS' 
than half tbenidth at the front part. Thiawholestructureia in striking coctraeC 
to the aame parta in Torockelys, where the vertical portion decreasee io width' 
poateriorly. On the poHterior third the inner margin of the palatal surface is 
roughened, where it joins, for most of the diatance, the pterygoid proceaaee. 
This roughened line ia continued on the palatines to their junction with the- 
vomer. At the base of the vertical portion, which stands Dearly at right aDg1e» 
to the other surface, there are aome amal), nutrient foramina anteriorly. Tbe< 
externa] surface of the bone is very broad, strongly convei near the lower margin^ 
and much broadened posteriorly. 

The premaxillarieB in front are deeper than wide, strongly convex from above' 
downward, and receding below to the sharp alveolar border. In the nasal open- 
ing the margin is rounded and deeply concare In each bone, the two fonning a 
pointed, medlBQ tubercle. The sutures with the roaxillii' are parallel through' 
out. On the buccal surface the vertical and palatal parts are nearly at right 
angles to each other, the latter a little the broader. Posteriorly their union with 
the vomer forms a concave line, just back of which there are some email palatine 
foramina. There is but alight indication of the fossa that is weil marked in 
Toxochrfyg laiiremii. 

The prefrontala are thick and atrong, the two together nearly square in out- 
line or a little broader than long. In the nares the two project into a rounded, 
obtuse angle. They form the upper margin only of the narea, the maxillary 
euture evidently running from near the angle of the orbit to the angle of the 
nares. Posteriorly they unite with the frontals by a straight transverse suture- 
before the middle of the orbit. 

The frontals are deeply marked with grooves, as are the prefrontals. Their 
orbital margins are thin and nearly evenly concave in outline, extending out- 
ward about one- third of the width of the orbit. About live millimeters back of 
the orbits they join the parietals in a nearly straight transverse suture. Below, 
the two bones are strongly thickened in the middle to include the rhinencephalio 
groove. 

The parietals are incomplete poeteriorly in the described specimen. They 
have the same ru^se markings as the two preceding bones, and are strongly 
arched. The parieto-postfrontal suture joina the angle of the pane to- frontal and 
fron to- post frontal sutures, and ia directed obliquely outwards and backwarda. 

The poetfrontals, or postorbi to -frontals, connect the frontal internally with the 
jugals externally, and form the thin posterior margin of the orbits, ae in Toxo- 
chely. The union of the jugal is much the same ae in Toxochelyg. The 
suture in the outer part of the orbital tosea runs atraight forward nearly parallel 
with the palatine euture and with the median line of the skull to the orbital 
margin, and then turns backward irregularly on the outer surface. The union 
is strong and massive. The bone is broad and convex externally. Poateriarlj*,, 
it joins the quadra to- jugal in an oblique suture. The lower border ia thin and. 
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The vomer ia atout, broad and concave anteriorlj; laterall;, the anterior ex- 
panded portion joins ttte maxill^ie in a rtii^He auture, eipanding backward to joia 
tbe anterior end of the palatines, oa in Tozochelya, excluding the maiUls» from 
the narial border. At the beginning of the narial openiog tbe bone rapidly 
narrows to lese thao halt of ita greateat width, and gentlf widens to its union 
with the pterygoids. Betneen the nares the tone forms a itout, narrow rid^, 
wbich beoomea nearly obaolete at ita junation with the pterygoids. 

The palatinea are broadly connected with the maxilla.-. From the rugose 
ridge already mentioned, continuing tbe border of the maxilla forward, the bone 
turns upward, and ia thinner, forming the ahallow concave groove of the nares, 
They join the vomer broadly in a nearly straight auture, and posteriorly the 
pterygoids on the outer part of the transverse suture. 

The pterygoids have the median suture nearly obliterated. They are grooved 
sballowly in the middle. Laterally they send out a broad, eotopterygoid process, 
tor union with tbe maxillie and jugal.t. Near the middle posteriorly there ia a 
vertical flsttenedsurface to abut against tbe mandibles. The large, oval, palatine 
toramen is enclosed nearly wholly between theae two bones, the free maxillary 
border showing only for two or three millimeters. Posteriorly the pterygoids join 
the quadrates by a flattened process; in tbe middle by a V-shaped suture, tbe 
baaisphenoid. Near the end of the arms of tbe V there is a small foramen on 
each side. 

The basispbenoid shows a small, triangular, nearly smooth surface between J 
the pterygoids and basioccipital. I 

Tbe baaioccipital surface forma a shallow fossa, The occipital condyle iai 
bipartite. I 

The external nares ars much broader than high: their sides, formed by tbe 
maxillae, are nearly parallel: tbe lower border, formed by the premaxjllaries, is 
biconcave, with a median tubercle: the upper border, formed by the prefrontals, 
has a strong convexity from near tbe rounded angles: on the floor a narrow, well- 
marked groove runs from each palatine foramen forward nearly to the free mar- 
gin. 

The orbite are obliquely ovate in outline and look obliquely upward, outward, 
and forward. On tbe anterior part below, the opening of the nares ia marked 
by a sharp ridge in the palatines : under the posterior part is seen the larger p&rt 
of the palatine foramina. 

The mandibles are remarkable for their stoutness and breadth. The alveolar 
surface is ehallowly concave, longitudinally and tranavereely, and narrow at Um 
i, which ia marked by a prominent rugose ridge. Posteriorly the sun- 
very high into the coronary process, beyond which the specimen de- 
tor the moat part wanting. Below, the part deacribed forme a brood, 
ivex surface, marked by numeroue small foramina. Internally there i« 
a well-marked groove below the thinned inner border of tbe alveolar surface. In 
the middle, in front, the surface forma a rather broad, trough-like concavity. 
The symphysis is elongate. 

As a whole, the ekull is remarkable for its broad, strongly convex form, its 
extremely deep alveolar margin of the maxillue, ita rostral protuberance, and tha 
broad, flattened and strong maxillw, together with tbe strong 
of ita surface. While the posterior part of the described skull la injured, it 
undoubtedly roofed over, as in To^rochelya. While the general relations o: 
bonee are nearly as in Toirochelyn, the proportions and forms of the diff< 
parts are very diCTerent, all indicating distinctly different habita, 

CARAPiCK. About three-Sfths of tbe carapace is preserved. In the dm 
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It middle portion of the right aide has been restored from the left. Id shape 
the carapace is broad and but little pointed posteriorly. As preserved it is but 
alightlj' convex, though doubtless more so in lite. The surtKce is smooth, except 
where marked by the shield grooves. It differs from other American Cretaceous 

turtles of allied structure Id the almoat complete oasification. Except In the 
first pleural, there ia between each nnd Ihe peripheral a BOiall, rounded or oval 
vacuity, witb smooth, rounded, thickened margins. The margins, however, are 
BO closely pressed down upon the peripherals that their precise nature is not 
easily made out. 

The neurals are narrow throughout ; they are smooth, without protuberance 
or elevation, and they show no trace for attachment to the vertebrie belotv. The 
second, third, and fourth, all that are preserved anteriorly, articulate on the 
anterior lateral margin angularly with the preceding pleurals, behind which the 
lateral borders are nearly straight and parallel. The last neural and a part of 
the one preceding it are preserved ; they are narrower than the anterior ones- 
There are two post neurals; the first is large and triangular in shape, with the 
interior apex truncated for the eighth neural. The second is of about the same 
size as the first, and In the shape of a regular trapezium, articulating broadly 
behind with the pygal. 

The pleurals are of the usual number— eight. The first is relatively small, 
joining in its full length the first and second peripherals, and by its apex the 
third; the second pleural is, perhaps, the broadest of all, and joins the third, 
the whole of the fourth, and a small part of the lifth peripherals; the third 
pleural, nearly as broad, joins the moat of the fifth and a small portion of the 
sixth peripherals; the fourth pleural, also broad, joins the most of the sixth and 
more than half of seventh ; the fifth pleural, the narrowest, especially proximally, 
joins a part of the seventh and more than half of the eighth peripherals; the 
sixth pleural, a little broader than the fifth, joins for about an equal extent the 
eighth and ninth peripherals; the seventh pleural has the larger part of its distal 
border joined to the ninth peripheral and a lesser portion to the tenth; the eighth 
pleural articulates almost exclusively with the tenth, just touching the eleventh. 

The peripherals, of tbe usual number, are narrow anteriorly, broad and maaeive 
posteriorly. On the posterior part, near the middle of each bone, where the 
shield suture reaches the thin margin, there is a marked angulation, with tbe 
intervening borders concave; these angularities are slight or none at all anteriorly. 
The nuchal bone is, unfortunately, largely missing, so that it is now impossible 
to say whether or not there was an articulation with the cervical vertebne so 
characteristic of the sea turtles. The pygal is small ; its borders are thin and 
placed at an obtuse aogie with each other, nod with a semicircular notch in the 
middle, where they meet. 

The shields are well indicated by grooves, and are of the usual number and 
arrangement, as in Chelone or Chffi/dra, The vertebrals are relatively small. 
The cervical and caudal are of considerable size. The first lateral is relatively 
small. There are four laterals. The pygal shield is double, making twenty-five 
as the entire number. 

Of the plastron, the hyoplastron and xiphiplastron are complete or nearly so: 
the hjpoplastroD lacks the outer part on both sides; and of the e pi plastron, only 
a small part, suturally united to the hyoplastron, is preserved. In tbe drawing, 
the elements of the two sides are separated as far as the carapace would permit. 
Id all probability, if not certainty, however, the bones of tbe two sides inter- 
lock in tbe middle, leaving only a median fontanel, of moderate size, and a 
slender otie between the lipbiplastra. 
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The unioD between the hjo- and b; poplostra is loDg and atout, the booS 
being tea or twelve millimetera ia thickness and the BUture a close one. The 
other margins are thinned, and the denticulationa are cot bog. The suture of 
the elongate and thin liphjplastra with the hypoplaatra is oblique and irregular, 
but firm. Of the other elemeota of the skeletou not many are preserved, 
single bicoQcave cervical vertebra and a coucavo-convex centrum, i 
crushed condition, present no distinguishable dilTerences from the neck vertabr^ 
of ToxooJielys. 

A proximal porlioo of the scapula and a claw likewise offer do tangible dlffoi 
encea from the same bonea of Turochelys. 

The humerus preserved unfortunately lacks most of its ulnar process, 
articulating surface ia in the ebnpe of a large oval directed toward the dors 
«ide. The radial process is stout aud prominent, directed ventrallj, with a dec 
depreaaioD on its iouer side and rugose markings on its external surface. 
flhaft is considerably constricted below the expanded part and moderately dilated 
dietally, and is strongly curved. There is a well-marked ectepi condylar groon 
oear the external border diatally. The bone ia fiattened throughout, doubtleasljg 
largely of poat-mortem origin. 

The distal part of an arm or leg bone, probably the radius, is present. 
touch flattened and curved: the articular border transverse. 

The relationships of Porthochelyii are clearly with Torochelyi taUremitM 
which certainly should be included in the came family. Of T. latiy 
oothing is known concerning the carapace and plastron. I suspect that whaa 
the carapace of thin form is found it may have a fully cooaaified carapace, as il 
foTthochelyfi. From Tnxochelyn aerri/er, of which the carapace is pretty w 
known, the diffetenoea are obvious in the incomplete osaitiCHtion, the aerratlon a 
the neurals, the shape of the pygal, etc. This species is the most common of ibt^ 
tsstudinates of the Kansas Cretaceous ; and I believe that when the type of th^ 
genus Toxockelyg is better known T. aerrifur will be relegated to another geoun 
The generic differences from To-rocheli/i must then, for the present, be bai 
upon cranial characters — these. 1 believe, are amply sudicient— in the structut^ 
of the mandible, the maxilla and the strong alveolar border, the shape of t 
prefrontals, frontals, jugals, etc. 

From other Cretaceous turtles, certainly the American ones, differences a 
obvious. From Ogtt'fipyg's, Lytoloma (EiicltiMtesj, Pcrilretitm, Calaplet 
Plaatointjtua, the oaaification of ihe carapace, smoothness of the bones, shapl 
of the skull, etc., wilt diatinguish. The skull shows considerable reaembtano) 
in shape to that of Bolhreiiii/a, but differs materially in the structure of tb 
maxilla?. ia^^y 

In what ^It^mDt turtles this genua, as well as Toxocficlyn, ahould be placs 
is yet a matter of uncertainty. Hay and Case are both inclined to locate Tom 
chdys with the Cbeloniidu'. In the present genua, the ossification of the a 
pace, the more complete oasification of the plastron, the presence of larg 
. palatine foramina, the anterior location of the internal cares and the structun 
of Ihe humerus are differences from the sea turtles that should not be overr^ 
looked. It is true that in old individuala of the sea turtles, especially oti 
Thalastocfieti/a, the carapace may become ossified throughout. Neverthelea 
the high degree of oaaification of both the carapace and plastron in this for 
indicates a less high degree of specialization to aquatic conditions, and a greaM 
resemblance to Chel.ydra and its allied forma. I believe that when the limq 
of individuals of this genua, as also of Toxochelyg, are better known, 
(Till present lees of the flipper-like structure than is now believed to be the o 
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Certainly the Urge size of the radial process, Ha position oa the ventral aide of 
the boDB, the strong curvature of the ehatt or the booe, and ita ieea expansioQ 
distally, are all charaotera inconaisteot nitb tbe Cbelooiida.'. (See Wieland, 
Am. Jour. Sd.,9: 413. LBOO.) 

The remarkably coniplett^ specimen upon which this genus and apecies are 
baaed was collected by Mr. E, H, Sellarda, ot the pal eon to logical department of 
the university, on the Saline river, in Trego count;, tbe past summer. I wish 
also to express my thanks to Prof. J. T. Sbearer. of Wa Keeney, for kind assist- 
ance in the collection of the specimen. 

For the aake ot comparison, I give a figure, natural size, ot the upper view of 
Tofonhelya laliremig, made from an unusually well -preserved specimen in the 
university museum, collected by Mr. H. T. Martin, in Logan county, Kanaaa. 

EXPLANATIOK OF PLATKS. 

The following explanation appliea to tbe first tfaree plates: pm:r, premazillary ; 
mie, maxillary ; pf, prefrontal ; /r, frontal ; po/, postorbi to- frontal ; pa, parietal ; 
J otjii, jugal; q, quadrate: i', vomer; ;)/. palatine; pi, pterygoid; bs, basisphe- 
noid: (ro, baeioccipital ; '/J, quadratojugal. 
Plate XVIII. ToxocheljiH laliremis Cope, natural size, 

XIX. /'or^AocAefys ioKcepe Will., natural sbte. Fig. 1. dentary ; fig. 2, 
cranium. 
" XX. Porthochelyt latieepn Will., natural size. 

" XIX. Porthocheln* latlcepg Will., upper view of carapace, two-ninths 

natural size. 
" XXII, PorttiOfhelyt iatlcepa Will. Fig. 1. ventral view of right hu- 
^^ merue, tbree-fourtfaa natural size; fig. 2, plastron, two-ninths 

^1^ natural size: e, epiplastron; Aji, byoplastron ; /ij>;>, hypoplas- 

^^H tron; rp, xipbiplastron. 

I 
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Bead betoro tbe Aeailoaij. at UcPhareoo, Decemlwr iH. 1H9S. 

During the summer of 1S90, the author, in company with bia brother, Mr. 

' Piul J. White, made a haatj trip to the Glass mountains. During this trip the 
material tor this paper was collected. Tbe author does not claim for this paper 
a bigb grade of science work, but a mere sketch of tbe Glass mountains, and of 
the geological formation found there. 

From the northeast, as first viewed by us, the Glaas mountains may be seen 

for about thirty miles. They are situated in the southwest to central eoutb part 

of Woods county, Oklahoma, and cover a territory extending south from the 

Cimarron river for a distancs of six or eight miles and in width four or five miles. 

Strictly speaking, the Glass mountains are hardly worthy ot the name of moun - 

I tains, as evidently Ihey are but what is left by erosion of a portion ot the Upper 

f Cretaceous. The first peak to which we came from the east, and which is called 
by the cattlemen "Tbe North Peak," is about ten miles southwest of Cleo, 
Woods county, Oklahoma. We crossed the Cimarron river by fording at Cleo. 
Tbe stretch of country from this place to the mountains is a level alkali plain, 
with but little vegetation except mesquit and sage-brush. The plain reaches to 
tbe very fool of the mound, which is about 900 feet in altitude and almost oircu- 

Llv. To the south of this mnunCain is one covering much more apace, but it is 
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oot M K^nlar in form, it being much long«r than brood. To th« weot wa e 
ee« nothing but Bimilar inauDtains. Being limited for time, we visited bat the 
two mountainB. 

The following is a sectioD made from the "North Peak," oo the east slope: 



ID uiil ii lound flie or lii feet in tl 

._„_ .. _re tpeciea of WeBCarn Bora — » »» 

:«. Under the ro\l li ■ caii ol white gTi»Dni rock whieb ia foaod In both at Hm rnooo- 

taioi liiltod. and probabi; aceoaou for the anuioD barlDS taken place a* it hat.. 10 tM 

m. BloecsUrB a lei 

31. Bed elayi, wltb Uf an ot cf pram aad tandiKiDe » ID 114 

>B. CUf and npanm t m 

32. Clayiali, rad aanditons. 10 10 

SI, RedEUr.ooDtualngatriiieiofbluB < U» 

30. Bba]f UDdatoiiB t tM 

2». Hedelaj 5 M» 

28. Shall' Mod atODe * W 

27. Red eUj. ooDtainiDc syiwam 30 IW 

IS. Kidelaj 



I. Grpani 
>. BmIdIi 



■ Gxpeam Id thla layar. 

ii Redclar 

32. QynamlikflNo.U. 

21. Bedclay 

■iO. BlDBcUf, 

IS. Bed etBi coDtainiiis gypnin 
IK. ThlalaFerotnpmm. 

n, Kedetar 

■- 1 like No. IS. 

r VlVi ped witii 'i«d '. ', '. 



elBT, blandiu wjib red... 
niD^ayar, like No. IS. 






8. Olpnu 

■' " 'miifceNftit" 

t. Gtpsoai iiki'llo.' isi" 
3. Bed clay 

' and coTered alope ol 

Comparing this section n 



sf the plain -tW 

with sections made bj ProfesBor Prosser in the "Ci9- 
taceo us- Comanche Series of Kansae," * from the Medicine Lodge regions. I cod- 
elude that the formation ia very Bimilar to that found about Medicine Lodge, 



KANBAS MINES AND MINERALS. 

', WASBaDRW COLLKOK, TOPBMA. 



A laetare dellierHi before the Aeadeoiy, at Topeka. Deoeniber IS. ItOO. 

Industry and painstaking patience have ohaoged the gross-covered, open 
prairies of Kansas into a land of waving wheat and corn, which yield their annuftl 
harvests of golden grain. Fertile soil, rain and bright sunshine have in this 
area solved the problem of the ancient alchemists and have converted earth into 
gold. Here the cow, steer, hog and " helpful ben " have found a congenial borne, 
and have added their quota to the wealth of the state, helping to usher in the 
reign of prosperity for Kansas. This surface wealth is clearly aeen, and attracts 
the attention of the stranger within our gates as well hh the home-loving 

The agricultural atory is told over and over again, always with added interest 
but the wealth below the reach of the light of day, gathered by the steel 
of the pick and drill — the hidden treasures — is too much overlooked, even by 
own citizens: so It Is no wonder that this storehouse below the soil Is almost 
unknown factor to the people outside our borders. 

•Cull. Oeol. Bon. of Kanaai. tuI. II. 
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Gold Hud eiNer, like the prophets of old, ve hare Doae; but we do poosM* 
miDeral !□ sbundHDce, which is readU; exchaoged tor these precioue metala 
which the world so zealouely etrivea to obtaiQ. 

GeologiatB and explorers have talked and written about Kansas rrom early 
days, Foaails and rock strata have been described bj them in learned tenna, 
often unintelliipble to themaasee.butjet boidingadignitied position in theaDoals 
of Hcieoce. 

Lewis and Clarke, those intrepid eiplorers, early in our century made their 
perilous way to our couotry's western border. Ah they passed across the plains 
of Kansas they noted tbe occurrence of limestone, clay, and coal; but it was not 
untii the dark and atormy days of the war of eroBncipation had closed that an 
organized survey of our mineral resources was made. 

In 1804 Prof. B. F. Mudge began his labors as director of the geological sur- 
vey of Kansas, and published a report on the coal and salt deposits, The survey 
was maintained only two years, and it was not resurrected until 189.), when the 
present University Geological Survey was organized. 

In the long interral between the surveys individual geologists and prospectors 
advanced the knowledge and development of the state's mineral deposits. It 
was during this period that the Kansas Academy o( Science was of special value 
to our state in toetering the scientific spirit and furnishing a medium of publica- 
tion. These reports and those of the state survey furnish accurate and valuable 
desctiptionB of our mines and minerale. 

It is fitting that, on the dawn of this coming century, we pause in our routine 
of work and look back over the past history of our mineral development and 
take an invoice of our present resources. Only a score ot years ago three min- 
erals were mined in Kansas: coal, building stone, and some zinc, with a value 
of about one million dollars. To-day, in addition, we have salt, gypsum, oil, 
gas, mineral water, clay, natural cement rock, Portland cement materials, with & 
value ot nearly twenty million dollars a year, or, with the Argentine smelter, ot 
thirty-nine million dollars. Many of these products are in the infancy of their 
development, and none is worked to its fullest capacity. New industries have 
started this year, and a number have been planned for the coming year. KansM 
is on the up grade in mineral development. 

Coal and iron are the foundation stones upon which the greatest Industrial 
progress of the nineteenth century rests. Not until the seventeenth century did 
England and Europe realize the value of this rock fuel, and about a century 
later coal was mined near Pittsburg, Pa. 

In Kansas ocal was about the first deposit to attract attention, and it is now 
our most important mineral, Thirty'tlve years ago the settlers of Cherokee 
county warded off the chilly blasts ot winter by fires of coal taken Irom the 
neighboring creek banks. The largest hoisting shaft in the state, and probably 
in this country, is found at the present time at Chicopee, In Crawford county, 
which is the banner coal county of the state, sending out, with Cherokee, over 
eighty per cent, of the total coal supply which comes from twenty-nine counties. 
Ninety* eight per cent, comes from six counties: Cherokee, Crawford, Bourbon, 
Leavenworth, Osage, and Labette. In southeastern Kansas there are about thirty 
separate coal-veins, ranging from eight inches to nearly four feet in thickness. 
There are 250 coal-mines in the state, with a depth ot a few feet to 730 feet, at 
Leavenworth. Two thousand two hundred feet above the base of the lower 
coals nomns the Osage coal, accidentally discovered in I86A in digging a well 
mined at various places along the Santa Fe railroad. 
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Above this horizoc do coal Id pajiog quantities is touod in the Coal Meaaurea of 
the state. 

The Coal Measure rocks, on accouot of their varied obaraoter. ottea form 
eoeoer; of great beauty. Compare, for example, the view of the Ohio meaaur 
with a view in the Coal Measures of this county, a sceoe on the ShuDgaouoga. 

The area covered by Coal Measure rocks in Kansas is 20,000 square milee. 
The state survey has estimated that, with all allowances, 40,000 square miles are 
coal producing, with an average of two and one-half feet of coal, which would 
yield perhaps eight billion Ions. At the present rate of mining, this would last 
8000 years, and, at the average price for the past ten years, would have a value 
of twelve billion dollars. It is difficult for the mind to grasp the meaning of 
such figures, and yet this is only one of our minerals. 

Just twenty years ago the industrial world awoke to the tact that another 
form of stored fuel existed in the deep recesses of earth, and the natural gaa ex- 
citement ivas ushered in, reaching its height about 1886. Tbe northern Ohio 
farm lands took on the aspect of mining camps, and small villages grew rapidly 
into manufacturing cities. Coal had a new rival, and the wheels of industrr 
were now to be run with a more convenient fuel. Blind folty decreed that the 
supply was inexhaustible, and the flaming street torches marked the gas cities 
by day and lighted the race-tracks with a circle of fire by night. 

Borne prophetic aages predicted that disaster would follow when wanton 
people were destroying the fuel which a higher power bad concealed for tbe fiokl 
destruction of this world : and the wasteful extraragance did cause disaster, but 
io another way. To-day, in many of these districts of tbe East, tbe gas-pipes are 
rusting io the streets; the race-tracks are dark and deserted at night; tbe dark- 
faced fireman again stands before the furoace door; and tbe troubleaome ooal 
bills Bgain loom up before tbe weary eyes of tbe man of the house, who now has 
to carry the full coal pail. Tbe lesson was learned, often too late, that this valu- 
able fuel was limited, and that its day was brief even where carefully used. 

We have in Kansas some valuable gaa and oil fields, and the sad experianca 
in the East has had its infiuenc^ ; so that there is not such reckless waata, but the 
waste is there. It is to be feared that some future day our cities will regret tha 
burning house and street lamps day and night, as one sees in our gas belt, tt is 
stated that it is cheaper to burn the gaa tliaa to buy matchea. which represeota 
poor economy. Meters are never used, and the charges are made by the month. 

The IqIh gas field has a length of ten miles and a width of at least tour milea, 
with a total capacity at the present time of 300,000,000 cubic feet in twenty-four 
hours, which would be equivalent to nearly 10,000 tons of coal a day, or equal to 
the total coal production of the state. It is veryditficult to determine how much 
gas is used a day for all purpoaea in the lola field; but it certainly Is not far from 
17,000,000 cubic feet ; so there Is a heavy reserve not disturbed. These wella are 
drilled to a depth of 815 and 920 feet and the rock pressure of the gas, as meaa- 
ured by a gauge, is 315 to 325 pounds to the square inch. This is the motive 
power which forces the gas out of the wells and through the pipes. The driUa 
oaonot be driven more than fifteen or eighteen feet into the gas sand, for tbe 
pressure is so great that the tools, though weighing over a half ton, will not siolc. 
Aa the gas escapee from the open well the roar is deafening, and can be heard for 

The Coffeyville gas field has been developed over an area of aeven by threa 
mUea, and of the fifty-four wells drilled forty-four are productive in greater i 
less amount. The Cherryvale field is being rapidly developed and new induat 
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are Btartiug here as well as at Chanute. Other importaat fields are found at 
iDdepecdeuce, Paola, Ohetopa. and Erie. This whole ares, estimated at nearly 
9000 square mitea, with ita excelleat railroad facilitlae, promises to become an 
important maQufacturing district. 

Afl to the duration of this 9uppl/ very little can be said; the newspaper cotn- 
mente from time to time about the gas rapidly givins out in these areas have 
\erj httle toucdatioa. 1q lola wells which have been used coostaotly lor the 
past six years have lost ten pounds pressure, but when closed for a tew days re< 
gain part of this amount. With this loss they still have 300 pounds pressure, 
and a large smelter would only require about eight ounces a day. With care, 
these fields ought to last (or a long time, and it is safe to say that there will be 
-gas in Kansas when the eastern fields have been abandoned. Our state ranks 
about fourth among fourteen gas states in value of gas utilized, but only a very 
small fraction of the available supply is yet used. During the past year aome 
very wealthy companies have obtained oootrot of the fields aud development od a 
large scale will soon follow. 

OIL, OR PKTHOLBtM. 

One of the latest mineral industries to be developed in the state is that of coal- 
oil. Its discovery, however, dates back over thirty-five years, to the early days of 
Kansas. The "Pike's Peak or bust" gold hunter and other "Westward, ho I" 
'emigrants camped in Johnson county, and bought for wagon grease the heavy, 
dark oil which was skimmed from the surface of a well dug for water. In 1860 
the Oil creek, Pennsyivaoia, excitement reached its belght, and a new Industry was 
opened in the United States, which has served as a basia for Immense fortunes 
and has resulted in the formation of America's greatest trust. In 1871 the wave 
of this excitement reached Kansas, and a well was drilled at Faoia, resulting In 
the discovery of gas, but no oil in paying quantity. Twenty years later, at Inde- 
pendence, wells were sunk to a depth of 8S4 feet, resulting In the discovery of a 
large oil field. The developed oil field la in Wilson and Neosho counties, where 
a million dollars has been expended and seventy oil wells drilled, near Neodesha, 
Humboldt, Thayer, Sedan, Guilford, and ButTalo, with a daily flow of tea to 
fifty barrels eaoh. The oil is carried in pipe lines to a large oil refinery, at Neode- 
sha, which has been in operation for three years. The field is owned by the 
Standard Oil Company, and only a small amount of the supply is used at the 
present time: but the state holds eighth rank among fourteen districts of the 
United Sutes. 

The second mineral in importance in Kansas is zinc: and as lead is so closely 
associated with it, the two are considered together. The deposits in Cherokee 
county were discovered in 13ti8, then forgotten, and rediscovered in digging a 
well in ISTti. This discovery was followed by great excitement. Thousands of 
people flocked in, fortunes were made and lost, and the mining camps grew into 
the cities of Galena and Empire City, under which extend the tunnels of many 
mines, and the hoisting shafts are dotted through the towna. Few men In those 
days even suspected that Kansas was soon to become the second state in the 
union in zinc smelting, and that the markets of the world would be controlled, 
to a large extent, by those shafts in the Short Creek valley. 

The lead- and zinc-producing area of Kansas is not large in surface exteoti 
covering about sixty square miles in the southeastern comer of the state, In CherO' 
kee county, and near the Missouri line. The main mines are within the towns 
of Galena and Empire City, where the ores, mixed with white- and dark-colored 
flints, are obtained in shafts 60 to ISO feet deep. In 13T3, 113 tons of lead ore 



I 



204 



KANSAS ACADEMY OP 8CIBNCB. 



wete ramoved, but no eIdo. Id 1B99, OTOO tons of lead and over 61,000 toiiB of 
zinc ore were mined io this area. Most of the lead ore is smelted outside the 
state, while the zioc ore wse smelted at Pittsburg, Weir City, and Girard; but 
now nearly all of it is smelted within the gas belt, at lola, Gas City, aud Cherry- 
vale. The great amelticg compaoy of the Southwest was the Cherokee-Lftaroa 
company, whose Pittsburg works are now being torn down, as the company has- 
been coesolidated with others at lola under the name of Lanyon Zinc Company. 
In and around lola there are '£1 blooks, of fiOO retorts each, for the smelting or 
zinc. These works are the largest in the United States, and will booq be the 
largest in the world. The daily production of metallic nine, or spelter, as it is 
called, is nearly SOO tons, which requires 400 tone of ore, and, it gas was not used, 
would eofisume about 1300 tons of coal. This represents nearly one-half of the- 
total production of the United States. Among the states of the union, Kaosa* 
stands a close second to Illinois in production of metallic zinc. 



One of the neceealties of life is salt, the record of whose discovery is lost tn 
aotiquity. Nature has dealt kindly in its distribution, for it is found almost 
everywhere over the n-orld and in rocks of all geological ages. Id the early days 
of Kansas, salt was obtained by the evaporation in kettles of water from the salt 
marshes located near the borders of the present developed salt area in Republic, 
Cloud and Jewell counties. The first salt well was used in 1867, at Solomon City, 
Knd the brine evaporated by the sun's heat. These Solomon wells are in use to- 
day, and this is the only locality in the state where salt is obtained by the solar 

Out of the wreck of the disastrous boom excitement of 1S87-'S8 some good 
results came to Kansas. One of these was the development of the salt iDdustry 
at Lyons, Hutchinson, Sterling, Kanopolis, and KingmaD. At Lyons prospect 
holes were drilled tor oil and gas, resulting in the discovery of 30O feet of salt, at 
a depth of TOO feet. This is now mined at Kanopolis, Lfons, and Kingman. 
The quality is shown by analysis be 99.93 per cent. pure. At Hutchinson and 
Sterling', salt is obtained from brine, in wells TOO feet deep. The brine is evapo- 
rated by artificial heat, in pans, either by means of direct beat or by steam. The 
daily capacity of these brine plants is not tar from 5000 barrels, though the 
present demand will not permit the works to run at their full capacity. 

The Kansas salt beda extend from Ellsworth and Saline counties southward 
to the southern line of the state, and id breadth cover from two to tbre« 
counties, and there is evidence of salt outside of this area. The state holds third 
rank, after New Vork and Michigan. 

Often associated with salt Is found the sulphate of lime, or gypsum, which is 
burned Into plaster of Paris or cemeot wall plaster. In this manufacture Kansas 
has first rank among the states, on account of the high quality of the materials 
aod the skill in manufacturing. Sixty thousand tone are used a year, and the 
value of the product is S2<j3,CX)0. 

The gypsum depoeits form a belt tending northeast-southwest across the 
state. The belt of exposed rock varies in width from five miles at the north to 
fourteen In the central part, and thirty-six miles near the southern line, with a 
length of Dearly 230 miles. This area is naturally divided into three districts: 
The northern or Blue Rapids area, in Marshall county; the central area, in Dick- 
inson, Marion, and Saline counties; the southern or Medicine Lodge area. These 
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^poeita have been described in detail by the irriler, (ormicg volume V of the 
University Geological Burvey reports. 

The first deposits of gypsum rock worked in the state were in the northerc 
«rea, where, in 1872, at Blue Rapids, the Coon brothers built a frame shed on 
the Blue river and commeiiced the manufacture of piaster of Paris in a five-bar- 
rel kettle heated by a stove. IVoaperity seems to have attended their work, for 
three years later they built a atone mill on the west banh of the river, using the 
water-power, probably the best in the state, for grinding. Tbia mill, though no 
loDger in use, is still standing, a monument to the opening of a great Kansas in- 
dustry. The mills in this area and one in the central area use the massive white 
gypsum rock, while the others in the central area use the loose gypsum earth, 
which is known as agatite, aluminite, and the like. This earthy variety was 
worked at Gypsum City, Rhodos, and DiHon, and is now used at Burua, Marion 
county, Mulvane in Sumner. Bpriogvale in Barber, and Longford, Clay county. 

The Medicine Lodge area, with its continuation southward into Oklahoma and 
Tesas, forma one of the largest gypsum deposits in the United States. It is 
traversed by the Santa Fe railroad, and there are only two small mills located 
there at the present time. Near the town of Medicine Lodge gypsum rock caps 
the hills as a layer twenty-five feet in thioknesa, protecting the underlying soft 
red clays and shales, thus causing a most rugged topograpby,oftenlikened to the 
"Bad Lands" of the Northwest. 

The term "low, monotonous prairies of Kansas" has no application to the 
gypsum belt. When the setting sun reflects ila light against the red shales 
crowned by the white gypsum rock, it forms a scene of beauty which attracts 
the attention of every traveler through that region. The caitons, often 200 feet 
in depth, are dry during most of the year, but after a summer thunderstorm they 
.are filled with a tumultous flood of sand- laden waters. 

In the Eastern states the gypsum rock is ground mainly for fertilizer, but in 
Kansas it is ground and burned into plaster of Paris for caste, molds, and white 
finish for walls. This plaster sets in a very few minutes; but it is possible, by 
adding certain mixtures, to retard the set four to six hours, and the reeultiug 
product is sold under the name of cement wall plaster. This forms a hard, firm 
wall, which dries rapidly and is nearly fire-proof. Some of the large buildings 
in Chicago and Kansas City have used 9000 and S500 tons of Kansas plaster, 
-and the demand is increasing each year as the advantages are recognized. 

Even the dust under our feet has a value, especially if we are standing in oer- 
-tain places in the state. Earth, mud, or, tospeakmore technically, clay, which has 
been properly fashioned, and has emerged from the Hames, passes through the 
hands of the maaon into stately architecture. The total value of clay products 
In the United States is about sixty million dollars, of which one half represents 
building brick. This brick would make a walk ten feet in width around the en- 
tire globe. 

One of the clay induatries which baa made remarkable growth in the last few 
years Is the manufacture of vitriSed brick for street paving. This industry has 
t)ecome especially important in southeastern Kansas, at Pittsburg and the towns 
in the gas belt There are now thirteen factories of paving and building brick — 
three at lola, two at Chanute, and one in Humboldt, Cherryvale, CofTey ville, In- 
!, Neodesha, Pittsburg, Girard, and Columbus. Other large plants 
• found at Atchison, Lawrence, and Topeka. 

Cotomon building brick were about the earliest clay products made. The 
**tIMs were wide-spread, and no great skill is required in theit mKa-o.- 
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facture: so that brick-kilne aod jardsare familiar objects. Mao; towns ioKAD- 
BBS bava such kUoa, either in operatJOD or abandooed a(t«r the; had supplied 
the home trade. The tough gumbo clays are dov burned for railroad ballast at 
a Dumber of plac«s iu the slate, on account ot its cheapness, aod its dustless and 
elastic properties. Id Missouri this iuduatrr atonr. arooucts to one tnilltOD dol- 
lare aDDually. There is a large pottery at Coffeynlle. and b rooGng-tite works ts 
oeariDg completioo at Chenyvale. There are deposits of fire-cla; nhich have 
Dot as fet been developed. The total value of Kauaoaclay products is over HOO,- 
000 a jear, aod over half of the value is in building brick, and about lottjSv» 
per cent, paving brick. 



The ordioaT7 limes will not set under water : and when they are exposed to 
aqueous or water actioa, become disintegrated. Tt was e^lr discovered that 
certain limes would become hard even under water, and the; were called 
hydraulic limee or hydraulic cements. Where the lime rock ia burned directly 
into cement, the product is called natural cement: but where a miiture of lime- 
stone and clay or shale is used, the cemeot is called artificial or Portland, bo 
named from Its resemblance to the famous Portland stone of England, used in 
Westminster .\bbey. The United States leads the world in natural-cement manu- 
facture. In Kansas we hare a deposit of natural -cement rock equal to the beet 
in this country. This ia located near Fort Scott, where there are two oompanies, 
with two mills having a daily capacity of S-X barrels of cement. This cement is 
held in high favor in Kansas City, and has a large market in all the surrounding' 
states, and the Kansas demand is increasing. 

The impression among our contractors that Fort Scott cement is inferior to 
other brands of nalatal cement ia not supported by teats or by experience. The- 
strength of this cement after seven days has been shown to be greater than mj 
other natural cement made in other atatea. 

For many kinds of work, the Portland cements ore preferred to the natural. 
It has not been many years since all of thia product was imported from England 
and Germany: but now it is made at a number of places in this country. Im- 
pgrtsof cement have been decreased thirty to fifty percent, in the last three yeare; 



■ the capacity of American plants has doubled. ^^H 

The writer, three years ago, mode a report of cement locations in Kanojia for ^^H 

the Santa Fe industrial department, and recommended a location at Tola. Two- ^^H 

resrs afterward the Portland Cement ComnaoT broke Kround for oneot the lac> ^^^ 

I 



yesTB afterward the Portland Cement Company broke ground for oneot the lac> 

gert oemeoit mills in this country, and on the IGth of last June the first cement was 

nude at this mill. Over 1000 cars of building material and machinery wero 

in for the tour Iftree, fire-proof buildings. Gas is used b direct motive 

1 the largest gas-engines ot the We«t. There are six 3.'iO-horse- power 

e gas-engines, and three 150- horse- power, or a total of 2500 to 300(^ 

Only two kinds ot rock are quarried in Kansas tor building stone — limestone 
ml MniVffnnr About one-half of the limeatoneof our country, according to value, 
(itMillil lor lirae, and even mote is used for building and road material. The 
XaMH pndaet m naed mainly for the latter purposes. Most of the production 
<amM Ima near tlte towns of Hanhattan, .^.tchison. Leavenworth, Topeka,. 
IIMM( Cttf, OottODWOOd Falls, llarion, Augusta. Winfield, Arliansas City, and 
IVtSaM, Ibt largest quarries in the stale are at Strong City and Cottonwood 
FiMb^ Ihnrtrtnnii ia found in all parte of the state in greater or lees amount, but ^ 
irtWJWulMlIm portiooe are in the southern and northwestern parts ot the el 
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iview of the Kansas mineral resources sbould gire us a higher opio- 
ton ot our eUte. The record of the past is one \a which we can well take pride, 
and it IB to be hoped that this is but the begicning of greater things to come. 
New mills are now building, Dew deposite are now being uncovered, and progress 
D follow. 



THE FLINT HILLS OF KANSAS. 



I 



Bead before tlie Aeadoniir DMeniber 2f. 1900. 
Id this article 1 shall not atlempt to give the geology of the Flint hills. I 
simplf give m; obeervations of years past in a geceral way. 

The so-called "Flint hiUa" extend through the counties of Chase, Butler, 
Cowley, and the northwest part ot Greenwood, and south through the Knw 
reservation, where they merge into sandstone. Their summits are in range 
8 east of the siith principal meridian. North of the Cottonwood they ap- 
pear to merge into the general line of the uplands. The same strata of rock 
probably extend northward through Morris and Wabaunsee counties. These 
hills are the culmination and eastern end of the Upper Carboniferous formation, 
which, rising toward the east on these hills, reach a general attitude of IGOO feet. 
In Butler county the eastern declivity Is abrupt, and the many ravines descend 
sharply to the valley ot Fall river. From Beaumont, on the summit, to the 
mouth ot Fall river, s distance of fifty miles eastward, the tall ie 300 feet. The 
Flint hills are the result ot erosion and not an anticline. In the general wear- 
ing down of the various strata once overlying Kansas, nature here formed layers 
of bard, solid, silicifled limestone, effectually stopping the further progress of 
erosion, us did the massive gypsum wblcb caps the hills of Barber and Comanche 
counties. This wearing away continued on either side, until the valley ot Pall 
river was formed on the east and the Walnut river to the west, leaving these 
hills high in the air; yet the approach from the west ie so gradual and uniform 
it is hardly noticeable. A fine exposure of Ibis limestone is found along the 
bluffs bordering the south fork of the Cottonwood on the east, where along the 
slopes of the ravines may be seen blocks of stone ten by fifteen to twenty feet, 
and eighteen to twenty inches iu thickness, on which the tooth of time makes 
exceedingly small impression. 

The name "Flint hills" is misleading. These hills, or high table-lands, 
gently sloping to the west, contain no strata or ledges of fiint. The thin deposit 
of chert, styled flint, found on the surface of the summits of the hills in Butler 
county, is derived from nodules ot that material occurring in the limestone rock 
of that locality, the superimposed layers having weathered away, leaving the in- 
destructible flint nodules on the surface. These have broken into fragments by 
the action of the elements, tire being an active agent. In the Walnut river, above 
.Arkansas City, are large beds of this broken flinti washed down from the hills 
and tributary streams in time of flood, in which are found many buffalo bonea 
and skulls. Indian arrow points are often found along the railroad tracks, where 
this gravel is used for ballast. 

In the Kaw reservation, on the summit of the hills are ancient quarries where 
some primitive people obtained tlint nodules from which to make arrow-heads, 
spears, and knives, To the west there is no stone in Kansas or the territory 
suitable for that purpose. 

There ii no lead or zinc or other valuable metals in these hills, as many sup- 
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poee, Dor oil oor gas. It they were within the boundaries of a coveted Indiaa- 
reservation they would contaio all these, also abuudaoce of gold and Other da- 
sirable things, in the imagioatiou of boomers and squstten. 

There is a thin vein of coal of little value uaderiying these hills. On Coal 
creek, a tributary of Jacobs crselt, ten miles southwest of Emporia, it was mined 
for neighborhood use thirty-flvs years ago. The same vein of coal is found in 
some of the streams or ravines coming out of the Flint bills on the west, tribu- 
tarj to Fall river, in Greenwood county. It is possible pookele of this coal may 
be found of value. 

The soil of these hills ia rich in lime and organib matter; alTords abuad&Dt 
nutritious grasses: bieak in winter: and in summer affords the finest pastui 
herds of cattle and sheep. Thus these hills contribute their share to tbs food 
supply of the nation. 



FOSSIL PLANTS IN THE PERMIAN OP KANSAS. 
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The discussion of the age of the Upper Paleozoic of Kansas has rested bertt- 
tofore on the evidence of animal fossils alone ; but a little more than a ye&r ago 
Mr. Charles Sterling, of the University of Kansas, found near bis former home, 
in southwest Dickinson county, some well-preserved fossil plants, and brought » 
small boi with him on his return to the university. They proved of much iater- 
est, and in the following October the author, under direction of the Unirerwty 
Geological Survey, spent a week collecting at the locality; and again, during the 
past summer, was permitted to spend three weeks in the region, thus making a 
more complete collection. In August, 1900, I learned through Professor Jones, 
of Salina, that Mr. Charles Polleys had found some plants in the shales along 
the Smoky Hill river juat east of Salina, and that I*rofeseor Jones had also ob- ■ 
tained a few plants from the same shales. Later, I had opportunity at riaitiDS ] 
this locality in company with Professor Jones. 

The plants of both locahties are very near the top of the highest Permian 
found in that region. The plant horizon of Dickinson county is separated by 
only about twenty feet of alternating thin layers of impure limestone and shales 
from the overlying Cretaceous sandstone. Below the plant stratum thin lime- 
stones and shales occur for a thickness of ten to fifteen feet, with a dark-blue 
shale below, apparently of considerable depth, the lower part of which is streaked 
with layers of gypsum and dolomite. 

The first plants collected, those by Mr. Sterling, were obtained at the head i 
of one of the west tributaries of Turkey creek, three and one-hatf miles south of I 
Banner City. From this place I was able to trace the plant stratum a mile north, I 
finding plants at various places. To the south I found many eipoBurea (or about 
two miles, and traces of plants again in Marion county, six miles south. The 
same stratum would probably be found along the hills near the top of the Per- 
mian through the northwestern part of Marion county. To the west the plant- 
bearing stratum dips under the Cretaceous, but is exposed wherever the streams 
cut deeply. On Holland creek, three miles south ot Carlton, some good plants 
were obtained. The plant-bearing stratum is to be looked for in the deeper 
creeks as far west aa Salina, and doubtless search throughout this r^ion would 
discover some good localities for collecting. 

Whether the shales at Balina are the same as the blue shales underlying the | 
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plants in Dickinson oounty o»nnot at present be decided, ainoe no attempt has 
been made to trace the conneDtioQ between them. They are alike in appearance, 
and both have layers of gypsum streaked with dolomite at their base. Above the 
shnles at Saliaa thla layers of limestone occur, containing fragments of plants 
similar to the plant bearing limestone farther to the east. Professor Prosser re- 
ferred the section here southeBst of Salina doubtfully to tbe Wellington shales, 
because of the absence of fossils. It ia possible, however, that the plant-bearing 
shales of both localities will prove tbe same, and beloQg to tbe upper part of tbe 
Marion. Of the three recognizable species of plants found at Salina, two are 
found also at tbe Diclcinson county locality. 

The best plants obtained so far are those from the Dickinson county localities. 
They are found here preserved in an impure limestone, very variable in its litbo- 
logical characters, usually very hard, sometimes concretionary, or again grading 
into sandstone. In places numerous concretions are found : these are circular in 
outline, flattened, from a tew inches to two feet or more acroaa, and break with 
difficulty. The plants contained in them have the details well preserved, but are 
usually fragmentary. In other places, the plant-bearing stone is continuous, for 
some distance at least, varying in thickness from two or three to fourteen inchea. 
The plants here are more complete. 

Tbe plants from the Kansas Permian are of the more interest since very few 
plants of this age have been found in America. Some poorly preserved frag- 
ments from Fairplay, Colo., plants from the Permian or Permocarboniferous of 
West Virginia and Pennsylvania, and a few from Prince Edward island, Nova 
Scotia, are the only other localities from which Permian plants have been re- 
ported in America, except fossil wood from Cowley county. Kansas. There are, 
in the collections so far made, some twenty-six or twenty-seven determinable 
species, distributed in fourteen genera. Tbe plants indicate unmistakably the 
true Permian age of tbe formation in which they are found. Many of the spe- 
cies are characteristically Permian, and only a very small proportion of the species 
identical with Upper Carboniferous species. The genera are naturally more 
closely related to those of tbe Carboniferous. The proportion of new forms is 
naturally large, owing to tbe few Permian plants that have been described from 
this country. A new genus of ferns, including five species, makes up a very con- 
siderable element of the flora. I have described this genus in tbe July (1900) 
number of the Kansas University Quarterly, vol. IX. p. 179, under the generic 
Dame Olenopferia, 

The Cretaceous, lying directly over the Permian, is also pi ant- bearing— a 
peculiar coincidence. Fragments of petriGed wood weathered out of the softer 
sandstone are scattered very generally over the surface. Both wood and leaves 
occur together in dark shales on tbe Sterling ranch, east branch of Hollaodcreek. 
I have not attempted a specific determination of the small box of leaves collected 
bere: but the general appearance of tbe plants is unlike that of the Dakota flora, 
being more suggestive of Lower Cretaceous plants, 
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THE CORONA OF THE SUN. 

A leotnre dellrered betora the AcadDin$ at its aanaal moetiiiii, al MoPliersoa, December t». 18HL 

Prof. C- A. Vountt- perhaps the most competeDt nuthority upon solar phe- 
nomena, writing about the sun's corona, eays: "We must evitlentJy wnit awhile 
for the solution of the problems presented b; the beautiful phecomenoQ. Po»- 
aibly the time may come when some cew contrivance maj enable uh to see and 
etudy the corona in ordinary dayli§fht, as we now do the promioenceB. The 
apectroBCope, indeed, will not accomplish the purpose, since the rays and Htream- 
era of the corona give a contiouous spectrum : but it would be rash to say that 
no means will ever be found for bringing out the etructures around the sun 
which are hidden by the glare ot our Btmosphere. Unless someChtDg like this 
can be done, the progress of our kcowledge must be very slow, for the corona ia 
visible ODiy about eight days io n century. Id the aggregate, and then only over 
narrow stripes on the earth's surface, and but from one to five minutes at a lime 
by any one observer." 

Sir Robert S. Ball, in "The Story of the Sun," says: "Such is an outline of 
the facts known to ua with regard to the corona; and it must be admitted that 
our ioformation is at present of a somewhat meager description. We can only 
hope that the attempts to photograph the corona without having to wait for a 
total eclipse may ultimately prove successful. 

" Doubtless many of our perpleiitiea would vnoish if a series of observationa 
taken at brief Intervals were certainly available. We might then expect to Kain 
information regarding the changes in the corona, which it seems absolutely cer- 
tain are in progress. We might expect, too, that some satisfactory endenoft 
might be forthcoming as to the actual character of the material to which tfaa 
coronal light iadue." 

In Langlej's splendid book, "The New Astronomy," we read: "Outside all 
is the strange shape which represents the mysterious corona, seen by the naked 
eye io a total eclipse, but at all other times invisible even to telescope and spec- 
troscope, and ot whose true nature we are nearly ignorant from lack of oppor- 
tunity to study it." On page 40, the same author says: "The sun went out as 
suddenly aa a blown-out gas jet, and I became as suddenly aware that all around 
there had been growing into vision a kind of ghostly radiance, composed of sepa- 
rate iicarly beams, looking distinct each from each, as though the black oiralsi 
where the sun once was bristled with pale streamers, stretching far awaj fi 
it io a sort of crown. This was the mysterious corona, only seen during the bri 
moments while the shadow is flying overhead." 

The French astronomer, Flammarion, says, in bis "Popular Astronomy" 
" What, then, Is the corona ? It is probably a region in which is found a variabls 
quantity of detached particles, partially or wholly vaporized by the intense heat 
to which they are exposed. But how can these particles be supported 
burning heights T To this question we are already able to give three 
II) The matter of the corona may be in a state of permanent projectiaiii 








ASTRONOMY. 



211 



I 



oompOHed ot eubstaDces incesaantly darted out hj the suo sad falling back on 
him. (2) The coronal Bubstance may be more or Icbb aupported in the solar 
heights by the effect of a calorific or electrical repulsion. (3) Finally, the corona 
may be due to olouda ot meteors, aerolites circulating around the sun in his im- 
mediate Ticinity. All these eiplanations are perhaps in part true." 

In Proctor and Ranyard'a "Old and New Aetrooomy " we read as follows; 
"But it is ei'ident on the one hand that no simple theory can be advaDL-ed in 
explanation of the phenomena of aolar appendages manifestly complex acd 
varied: and on the other, that the details of coronal structure and of coronal 
phenomena present problems far too difficult to be as yet solvable." 

Miss Gierke, in her " History of Astronomy during the Nioeteenth Century," 
says: "The corona is properly described as a solar appendage, and may be con- 
jecturnlly defined as matter in a perpetual state ot efflux from and influx to our 
great luminary, under the stress of electrical repulsion in one direction and of 
gravity in the other. Its constitution is of a composite character. It is partly 
made up ot self-luminous gases, chiefly hydrogen, and the unknown nubatacce 
giving the green ray, ' HT4,' partly of white-hot, solid or liquid particles, shin- 
ingwith continuous light, both reflected and original. The coronal materials 
must be of inconceivable tenuity, since comets cut their way through them with- 
out experiencing sensible retardation. Bumming up what we have learned about 
the corona during some forty five minutes of scrutiny in as many years, we may 
state, to begin with, that it is no' a solar atmosphere. It does Dot gravitate 
upon the sun's surface and share his rotation, as our air gravitstea upon and 
shares the rotation of the earth ; and this for the simple reason that there is no 
visible growth of pressure downward in Its gaseous constituents; whereas, un- 
der the sole influence ot the sun's attraotire power, their density should be mul- 
tiplied many million times in the descent through a mere fraction of their actual 

It is easily seen from the preceding extracts that the corona ot the sun has 
been visible only on those rare occasions when solar eclipses are total; and the 
very short period of time during which a total eclipse lasts at any given point 
upon the earth's surface renders any examination of the corona a very difficult 
operation. Bince the introduction ot the camera and the spectroscope as ad- 
juncts in all solar research, the amount of time and labor devoted to such work 
has been multiplied more than twofold. All the great observatories of the world 
are systematically engaged in trying to solve the mystery of the corona, Moun- 
tain peaks, clear skies and rare atmospheres have been sought for, and expensive 
trips to far-away lands have been undertaken, io order to determine once for all 
what this wonderful thing may be which persists in withholding from the in- 
quisitive eye its secrets and its nature. Men have gone ha!f nay round the globe 
to witness for one, two, or six or seven minutes at most, the most beautiful ob- 
ject visible in the solar system. The question naturally arises, Is it passible, or 
will it ever he possible, for the human eye, with or without any kind of instru- 
ment, and at aity time, to look upon and examine at leisure such a glorious 
appendage as that of the sun's corona? Will this nineteenth century, so full of 
splendid achievement in every field of scientific research, add to its other honors 
that of having made it possible, in the absence of a total eclipse, to see the 
corona? All efforts hitherto made have been without avail; have utterly failed. 
In 166G Mr. 1v>ckyer. and in 186S Janssen, made it possible tor one to see at 
any time of day, when the sun is above the horizon and not obscured by clouds, 
I the Ki-called "protuberances" or "promioenoea" that up to thai time bad been 
I weterious as the corona is now. Miss Gierke says-. "'tb.««c'i.\-^«a 
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of 1368 IB chiefly memorable for having taught astronomers to do without eclipi 
so far, at least, as one psrUcular branch of solar inquiiy is coaccrned. loBpiredl 
bf the beaut; and brilliFiiicj of the variously tiuted prominence lines revealed t 
him by his spectroscope, JsQesen exclaimed to those about him, 'Je 1 
ligaea-I^en dehors des eclipses I ' On the following morning he carried into execu- 
tion the plan which formed itself in his brain at the time of the eclipse." 

More than a year ago an idea took possession of mj brain that there must be 
some method by which the corona of the sun may be rendered visible at any 
time between sunrise and sunset, atmospheric conditions being favorable. Id 
the latter part of April, 1899, I secured three strips of pine lumber, each sboat 
six or seven feet long, and of a uniform thickness of three-fourths of an inch. 
Thestripswerefastened to theoutsideot the tube of a Clark telescope of six incbea- 
object-glass, separated from each other by a distance of 120 degrees. Ordinarjr 
wrapping twine was used with which to make the strips secure and firm in their 
position. They were so placed that about three feet of each one was allowed to 
project beyond and In front of the objeot-^lass. This done, a cardboard, vuffi' 
ciently heavy, was cut luto the form of a circular disk of seven inches diameter. 
Upon the iuaide of the circumference of the disk, and as close to the limb as 
possible, three small boles were pierced, through which pieces of fine flexible 
wire were put, and these were tied around the pine strips. By this arrangement 
the cardboard disk — an artificial moon — could be securely held in position, Mod 
by slipping the wires forward or backward, as might be necessary, the disk could 
be made to hide completely the entire face of the sua. It was expected and 
hoped that the effect would bo the same as in the c-aseof a true solar eclipse; thftt 
is, that the solar appendages would be revealed. All things being ready, the lale~ 
scope mounted Srmly upon the tripod, the pine strips fastened, and the cardboard 
moon put at a suitable distance from the object-glass, on the afternoon of Ma; 
3, 1B99, the first trial was made: an observation wae taken. The face of the suo 
being completely obscured, bright radiations were seen to issue from the limb of 
the artificial moon in great numbers. These radiations were carefull; scrutiDiz«d, 
but It was soon made apparent that they were nothing but streaks of light, of a 
decidedly brassy appearance, reflected from the inside of the telescope, the batrel 
of which was made of brass. The cardboard moon was now shifted to a point • 
little farther away from the object-glass. The result (vas still the same — tba 
brassy streaks, and all else. During all this time, and in spite of every effort M 



prevent it, 
from the s 
light came 



e barrel of the telescope was flooded with light that poured into it 
rounding atmosphere. Just here seemed to be the difficulty, 
ito the telescope apparently from everywhere, past the limb of 



a hour slight changes were made in the position of the false moon, 
at intervals of from five to six minutes each, at one time to a place nearer 
object-glass, at another, to a point farther away ; but all to noeSect; the reanlta 
were invariably the same, save that the brassy streamers were modified accord- 
ingly. Matters were becoming monotonous and rather disheartening, so much 
GO that the question arose whether the observation should be prolonged or given 
up as a flat failure. The determination to succeed, or know the reason why 
success should not be attained, prolonged the work tor some time longer. The 
time passed in shifting the false moon, readjusting the pine strips, keeping the 
telescope In proper position, straining the eye in order to see the sight, should ■ 
revelation be made : yet nothing was seen but the brassy reflections from the tele- 
scope itself, which seemed to be dancing and laughing as if In very mockerj^ at 
every attempt to succeed. More than two hours had passed, and the goal to ba 
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ready to give up ia despair. Id such a frame of 
mind, and quite irilHng to gice it up as a bad job, auddeuly aod uueipectcdly the 
false moon, for some reaeoQ or other, changed its position slightly, bo thnt ap- 
parently its surface and the surface of the objeot-glaes were no longer parallel to 
each other. Whether the lack of parallelism was a fact or not cacoot now be 
detertnined. The effect produced was that the barrel of the telescope seemed to 
be completely filled with absolute darkcess, the brass; streamers ranished, and 
along the upper right-hand limb of the false moon appeared, in all their beauty 
and soft light, the coronal streamers, There was no mistaking the clslod. It 
was the genuine corona itself; a tbicg of beauty, and a glorious recompense for 
the time and labor that bad been eipeoded. 

An attempt to change the position of the telescope so as to bold the sun in the 
field resulted in destroying the vision, and the coronal streamers disappeared 
from view. The follovring is a facaifnite of a hand-made drawing of the corona, 
as seen on the afternoon of May 3, 1899. It ia not a complete coronal form, tor 
the reason that the cardboard disk extended beyond the limb of the sun, and pre- 
Tentcd n view of the streamers other than as represented. 

Several cardboard disks, one sii inches in diameter, one seven and another 
eight inches in diameter were made, and used at varying distances. A great 
many obstacles had to be met and surmounted in preparing for the work, and 
great care had to be exercised in handling the apparatus. The telescope used was 
mounted on a tripod, and was exposed to the action of the wind. There was do 
driving-clock attachment: so that every movement had to be made by the ob- 
server, thus rendering the labor so much the more difficult. Other observations 
1 Ma; and in June, but, on account of ill health, the observations 
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But that the corona of the sun was seen 
which there was no eclipse of the sun, eitbi 
of doubt. There is a possibility that it m 
else— an optical illusion, an "iijnU fab 

kt the moment when the picture wa 
ated in the vicinity of one of the poles of tbe sun, and not in the plane of the 
sun's equator; and so clear and well defined was the shape, and so different from 
ail other appearances, that the conclusion reached by the observer was that it 
was the corona itself. To be sure, he may have been mistaken, but he thinks 
not, and it is unfortunate that the observation of Ma; 3 has not as yet been cor- 
roborated by other observations. The work will be resumed in the near future. 

The diflloulty in the case consists not in making an artificial moon, attaching 
it to a telescope, and locating it at a proper distance from the object-glass, 
but in flooding the barrel of tbe telescope with absolute darkness. When that 
is done, all other difficulties will seem but trifles and will vanish at once. The 
light of the sun that fills the surrounding atmosphere is the great foe to anything 
like success, and seems to bid defiance to every attempt. Shut out that light, 
exclude it entirely from the interior of tbe telescope by means of a conical hood 
that will extend some distance over the barrel of tbe telescope and forward as 
tar, perhaps as the false moon, or further, and with the conveniences and appli- 
ances of a modern observatory, the result ma; be safely predicted — tbe corona 
will be made visible. 

Id conclusion, if tbe corona was seen upon the da; mentioned, when there 
was no eclipse of the sun, as described in the foregoing, I think I am iustified. 
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in saying that the same thing can be done again and again, upon any clear day, 
daring the hours of sunshine, no clouds interfering, and other atmospheric con- 
ditions being suitable, and the question as to the possibility of astronomers seeing 
aad studying the greatest mystery of the sun at any time will be settled once for 
all. 
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VL ARCHEOLOGY. 



ARCHEOLOGY OP CATALINA ISLAND. 



I 



I 

I 



Out in the Pacific oc«an, 20 to 100 milen ofT tbe cooet of eouthero Califomte, 
scattered aloDg north and south, are tbe "chaonel ielaads." Thef areot ig&eouB 
formatioQ, in placea voloanic, porphyry predomi Dating, with extensire ledges of 
BacdatoDe. The past summer I speot a short lime on Santa Catalina, the most 
iotereatica; of thpse islands. It is nearly all mountainous, arising abruptly from 
the ocean. It is sixteen miles in length by five or six in width, with an area of 
^,000 acres, IF it were spread out Hat it would lie two or three times as large. 

It is owned by the Baring brothers, title coming from a Spanish grant. There 
is DO more beautiful spot in America than tbe Bay of Avalon, near the southeast 
end of the island. In traveling over the island 1 found abundant evidence of 
anoient inhabitants, who disappeared early in this century and are lost to history. 
Tbe first Portuguese ship saiiiog up tbe coast dieoovered tbe island, about a. d. 
13.30, and anchored in the Bay of Avalon for several weeks. They found the 
island inhabited, and a large village on the shore of the bay, The people were 
inoffensive, hospitable, and friendly. 

The other ialands also contained a large population of the same people, it is 
said, of different language and customs from the numerous people on the maio- 
land. They made boats of Bkics (there being no timber of consequence on the 
island |, with which they traversed tbe stormy ocean from one Island to another, 
perhaps 100 miles apart. 

In no otber spot on earth was marine life more abundant, from whales down 
to sardines, Tbe waters swarmed with fish; herds of seals and eea-lloDs covered 
tbe outlying rocks and beaches. Under water, the rocks were covered with shell- 
fish. Tbe abalone seemed to be tbe favorite food of the natives, as shell mouods 
ten feet deep, locally called "clambakes," mostly of abalone shells, testify. To 
Diy surprise, I found these clambakes on tbe top of the mountain ridges. In a 
placed called "Indian caves" were tons of heavy shells, carried there for food. 

The northern slopes of tbe mountains in placea were covered with a low scrub 
oak, not averaging over ten feet in height. Perhaps the natives made their 
eamps high up during the acorn harvest. Heavy stone mortars are found about 
these clambakes, or camps, which appear to have been used through long 
jieriods of time. 

The town of Avalon, a noted pleasure resort, is built on an ancient village 
site; and in excavating cellars quanlltiea of atone vessels, ashes and shells oro 
found. These clambakes appear to have been utilized as burying-grounds, u 
large numbers of skeletons, buried in rows or circles, are found in them. 

On the eastern center of the island are (]uarrie8 of ateatite, or soapstone, out 
of which the natives had cut thousands of vessels in nitii, a nest of vessels being 
out out of one spot, xanging in size from half a pint up to ten i;allons. These 
vessels are used to cook their food. Their mortars were made of granite boulders. 
Some of these vessels, made of tbe hardest of known rocks, were almost as true 
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[MM ■(••», uKMn or sm hMBd on the iihiid. or fecy lew. «• 
I aai««b enefit fosM, of * raric^ pacoliv to thtut mtmndm. 
Tbe Bfttiraa foand faeae to aanm tbcir pntpM*; twdm koirtm of ■tot w«f« eo^ 
bob; m fact, tk* nathva conU praennall the bod thtTirqaiied bjaevrioas 
pwwirtoB of tMtm*. The watMS ■booDded vhli QjrtBg-Eafa: dMjr riM ont e( tfa* 
water vbea dMotlwd, sad nil with Ibe wimI for m or 300 jatds. GnatMkoals 
al tPCifc wUl» bww and jvOowtail* •onoBod Hm b^a, driviag tba ^mUIw 
flA toward the ehora. Tlie fljing-Bafa. in ncapiag, laad tmt ap iha hnarh. 
whefB the natifee eoold piek Umbi up at tlieir leinre. 

It ia nid that the oatirea wtmluped the aan. I ■» mhMt waa aaid to ba a 
a of Ibe MB paialtd ia a eaT«, with other deMfne. The; wen too aia hail 
lae to dedpfaer. The earif laiaaoa falhan Hst an expeditaoti 
id to destror a ao-caUed lempie in whidi the aatirM woniupBd. 

>r bow tbew peopie diMpprared or perUwd is oot koowo to the poopia 

davDriagfiti Ibeeoaat. Then if a tndiiioa thil Inrg iffn ihr TTnnniini. tiitiiiu, 
lor (Dia aloDg the Alaakaa ooaat, fariuEfaed the oatiree of tbat oouatry gaam and 
tanifht their see, aod mploTtd them as huateia. In the coorae of tiBM tbo; 
worked down along the coaat of Calj/oraia aod dieoorered the Channel j-tiwdtr. 
which aboonded with eea-otter, the Doct raloable of all fur*. T1i« aatiTva of 
Oatalioa aad the nngbboring islaDds uaed thcae ekioB for ekithtng aod beddiog. 
Thia excited the capidity of the Bosanane, who the next jear brought ^wn 
aereral bandned of their haatero, armed with gnos, and left them on the »gl*t«ifif, 
Piodiog the nativee rich in fnra aod powerleae to dHeod tbemselrea, thejr ez- 
tonaioated them. Thia ie the atorf. On St. Nicholas island, eighty aiilea oat 
ia the ocean, a aailor of Avakm raid to me he counted thirtv akeletona in a row, 
which the vioIcDt eaodstorm had aocovered, the left temple of each broken in. 

Out of Ibe drifting aande of tbie island boat-loads of stooe implemenla wv 
taken. One hnndred and fift7 stooe mortars were tahen to the Wovid'a Fair, at 
Chicago. 

Here we find once populous islands on our coast, of the origin of whoae people 
or their fete we know Dothiog. Ferhape a pestilence destrojad them, aa it did 
Biaoj thoDsaods of oatiree on the upper Missouri rirer In 1837. 

The etatement, so often seeo emanating from semiofficial sources, that thetw 
are as many Indiana note in tbe United Btates bs when the continent waa dia- 
covered, aod that they are not decreasing in numbers, is utterly at rariance with 
tbe tacts. The remainiog '£0,000 IndiBosare the remoant of three millions, who 
inhabited the territory of the United States In a. i>. 1500. When Srat koowa, 
early in tbe ceotory, the Kaw Indians oiimbered between 5000 and 10,000, aod 
when I flrat knew them they numbered 1500: now there are but 250 left. 
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VII. NECROLOGY. 



JAMES BRADLEV QUINTARD 
Was born in Norwalk, Codd., October 21, 1S39, aod lived there until about tea 
;earB of age, trheii be moved with his parente to Mt. VernoD, Ohio, He was od» 
of Dine childreQ — four girls and five boys. 

When about twentj-one he met and married a Misa Maddie Watkina. In the 
iummerof 1860 be brought bis bride to the wild prairie ten miles west or the 
infant cit; of Topeka, and has siace lived on the home selected then. His family 
coDsiBted ot eight girls. 

Having bad few educational adraotagea when a boj, he applied himself to 
variouB studies while providiog for bis growipg girte, and id this ws; became 
proficient in mathematics, navigation, geology, and conchology. At one time he 
helped Prof. F. W. Cragin make a collection of the Bbelis of Kaoeaa for Wash- 
bum College. 

Mr. Quintard lost his wife in the fall of 1896. aod the following June bis 
youngest daughter, a girl of nineteen, died. Two years later another daughter 
was laid away. 

He died at his borne near Silver Lake, December 17, 1899. His large collec- 
tion of land, fresb'WBter and marine shells has been premnted b; his daughters 
to the Academy ot Science, and is on exhibition at the state capitol. 



EAN3AS ACADEMY OF 8CISNCK. 



COL. WILLIAM TWEEDDALE, 
Civil aod hydraulic eogineer, aod for taanj jears cit; eogiDeer of Topeka, was 
born in Beitb, Ajrshire, Scotland, ia 1823. and csnie to this couotry with his 
parcDtB when nine years of age. He entered the Rensselaer Polytechnic Insti- 
tute, Troy, N. V., in 1850, and graduated as a civii engineer in the class of 1853. 
After one year's practice in railway construction, he returned to the institutioa 
&a instructor in field-work, In 1855 he removed to Chicago, where he engaged 
aa a bridge engineer and contractor. 

At the outbreak of the civil war he raised a oompany of volunteer engineerB 
at Dubuque, Iowa, and was subsequently breveted colonel of volunteers for bis 
services in the "march to the sea" campaign. In the New Madrid compaign be ■ 
was in ooromand of the expedition : designed the appliances and BuoceeafullT 
constructed the New Madrid canal, which resulted in tbe reduction of Island 
No. 10. .\fter the evacuation of Corinth he was given charge of the opening and 
maintenance of military railways. At Vicksburg he cut a canal by cutting down 
trees and sawing off tbe Btumr« four and a half feet below the surface of tbe 
water, through bayous, for tbe passage of transports from Duckaport to New 
Carthage, a distance of twenty-five miles. During the siege he was at Haines 
bluff, in charge of the construction of fortifications in the rear of tbe army, and 
in tbe campaign from Atlanta to Washington bad charge of the bridge train for 
the army of the Tennessee. 

In I9t)i he removed to Topeka, where he engaged in the practice of engiae«r- 
ing and as contractor for public buildings. Through bis recommendation tbe 
Melan arcb bridge spanning tbe Kansas river was erected, Ue was first elected 
to membership in tbe Kansas Academy of Science in 1872, and had tieen more or 
less active in it to the day of his death. 

At the time of his death be was engaged in introducing his patented process 
for the softening and purification of water, to the perfection of which he had de- 
voted thirty years of research and experiment. Among tbe last work of his life 
was the preparation of a paper on "The Softening and Purifying of Water by tbe 
Tweeddale Process." which was read before tbe Academy of Science at ita an- 
nual meeting at McPherson. December 29. 1B99. Colonel Tweeddale died in 
Topeka, November 4, 1900, at the age of seventy-seven years. He leaves a wife 
and one daughter (Mrs. W. C. F. Reichenbacb ). 
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Srwnianiu,-I.umlna C. Rind'a, Auihw: The ambry ology of alyasum, 1 

J. W. Beede. Ph. Z>. |sM Bloomlogton, Ind.) 
BsrokU,— Afolir Jtormal School! CBtBlognaa; twelfth biennial report. 
L.C. Waotler, Aui/tor: Edncatioul TalnBaot the DBturalBclaueea. 
apaelaa of HudreUmoerlnm, by B. Weller. 
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Hailry, Ph. D,: Cb«ini«trT ot eipgum, plHBtei 




Qeo. Wagyier. Ph. D. (sea Ann Arbor. Hich.) 

S. W. WaUilim, Ph. Ui Paleantology ot SanBaa, part I. ftipar CreUceaiu, M pagea, 120 
platMi part II. Carbon iterous and Crataoeoaa. St6 patfes. 71 plate*. 

VniveriU)/ of Kannu: CataliWDe of llxe anlcorBlt; for IS98-'W: lB9>-ieiXI. The EaoeaB 
Dnirergitx Qnartorlx. nries 4. tal VII. 238 pagft. 10 plstae; toL VUI, 18fl pBRet, aO 
plate*; Tol. IX. 271 pages, (H platei. 

I'nivenilt/ Geatogical Saryttl. Eratmtit IlaworHi. GtolooUl: Tlt^fBtrAt'S geo\ogiea.\ Sur- 
rey at KansaB, vol. V, 1S3 pagea. 30 plat«B: toL VI, SIB pases. 73 plates. Hiuerol re- 
.ourcM ot Kaaiai. 18S7--a8. 






Collrar: BuUetloB. Nob. SZ-SH; aonaal report*; 
If plBDtB ia my Florida Lerbsnum, 78 pagei. 



llaiidP.J. Parr 
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McPhebson.^ H'urren Xnaut. Author; CoUecting 
BocEPOaT.— £'Iani BarClwlomeu;. Author: The Kai 
^aflx^.—Adftllal•t Gntrr, 
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Oeo. E. Coir. A udttor: Twol: 

F. D. Ct 



□tes oo Kaosai Coleoptera, 

la Urfldiotf, 20 pages. 

Biennial reports, I89S: Kanaas troops of 
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aiatt Bimnl af Htallh. W. B. Bu.-an, U. D., Sterrlarg: Laws itoteraiiig praellee ot medl- 

elne in Kansas; «Lat sanitary Bdienoe bas dune for Ameriovn life: relRlJocs of atate 

board ot health to the public, 
State iriitarical Socirlp. Oto.W. Martin. Biertlary: Twelfth bleanlal report, IWD: Kbubu 

historical oolleetloiu, vol. VI, IIMO. 
SlalM H«rlieuUuTal Socirtii. miliam H. Aimri, Secrttary: The Kansas apple; lbs plniii 

in Kansas; thepeaoli; the cherry; annnal reports, ItW. IWt. 

'ivvtrlntndfU u/ PvhUr InilTueilan, Frank .VcIiO". eu,,eriiUendent: Twelttb bi- 
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O. p. (Irimiles. Author! Gypsnnt in Kaaeas. ^ pageE; special report on Kypsnni Bad 

gXPsDm oemeot plasters. 144 pagS9, 30 plaMs. 
T. B. Jenniniii. Wraihrr vtntrvrr: WeolLor report*, weekly and monthly. 
John MaeDonata, Edttor: Western Beliuol Journal, monthly. »oL 38. I8W: vol. 37, i«W. 
B.B. Smyth.. Author ; Plants and flowers ot Kauaai. US pases; floral horologe for Kansas, 

t pages, ehart; addidons to lb* flora of Kansas, 24 pages; the Topeka "coal hole." 9 

pages, aeotional plate; the lermlnal boulder belt io SheVDe^conntf, 7 pages, map; Ihe 

buried moraine ot the SbuneananBa, 10 pages, map. 
A. H. Thomptmt, Author: Com pa rativd dental anatomy, 178 pages, lOQgares. 
LOUISIANA. 

m; Thirtesnth annual report, 22 pages ; bol- 



BaTOB HqcoB.— UffricuHKral Eiperimtnt B\ 

letin No. 64. 28 paces, 6 plates. 
New OhubAHB.— J, C. Smith, Author: Notes 
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rt: Board bullotin 
UABVLAND. 



Bi,i.7tuoUU.— Johnt Jfopkint Pnii'. 



ACCK8810N9 TO TUB LIBEAKY. 

UAB&iCaVSBTTS. 
BoTov. —Amrrlcan Acadtmy "/ Artt and Selenert: Proooodingi. 

g-23.PMB« HS-aW, 22 pUtoi, 32 flpiraa; tqL XS - 

Noe. l-m, 138 pagei. 

Botlon Society •>/ Salurat Hittory: PrDoHdlosi, toI. XSVin.Noi.IO-M, pages SS5-I74: ml. 
za. No*. l-Il, SZ2 mgiM. U plBMi. 

Mamatchasrltt SUut Buavl nj Agrii^ltuTt: Aonasl report, ISM. Ml pases. 11 plate*; VSSS. 
SBZ ]Hi«eB. 7 platea. Beport on (be work o( sitermliutlnB the npay motli, 72 paoea. 1! 
pUtoa. 

Maitachuirltl Hm-lir:ullural Sueiety, R'lherl Mannina. aeenlaTy: TrsDuctloni, farlSSS, 
WJ pages ; for 1898. SOS page*. 14 platiBi. 

A>ii> Englamt Zoological Cluli: Pn»eedin«i. to). I, pagn 1>37. 
CiKBaoam.—Orai/ Herbarium of Harrard Vnivtrilly, B. L. nobinion, Vh. ft, Curaior: 
CDDCribotioDi from the Ora; taerbaiiniD, new ■eries: No. IE, Eleocharlt m-ala anri its 
AmeiiDBD alliei, and Scirpvt eriophorvm and aome related tortos, by U. L. Feraald, 
pages tSa-Wt. No. la. raTlalnn ot the geaera JfonlanDo, i¥)-j/riirn(um, aod Zalmaulu, 
and tyooptia of tlie gerniB Verbetino, with a key. br B. I^ Bobiaeoa and J, U. GnHii' 
man. pages SUS-Me: toine new fpeelea of Uoxioan pbaoeroitaiiie, by J. U. Sreeuinin, 
pagei S8S-S7S. No. 17, rSTiiioD n( the Baauaf^yninoluiiifaand eupplemectary uolea npoa 
Cain. Tridar. and Uikania, by B. L. RobinBon aad J. U. Gnenman. No. 18, 38 paitPB. 
No. IB. m pagei. 

Merritl L. Fernald, Author! Boioe aatwDarina of New Eaglsad; PT/riiinfAcmu'ii rerlicn- 
lalum; two ambigaoDS loOBCEtrifes from liie unrtlieru aUtee; illuitratod nora of Ihe 
northern Btatee and Canada, a review: lome northeaatem apeciea of Stiriiut; tarie- 
tleB of filler and BoliOago; reseat adiHtJons to the Labrador ilora; plant Dames of 
tbe Hadawailia ladianB: Ibrec new Weatero plantg. 

B. L. Roblnton. Author: A now tritd luttnee troni easCero MaaaachnasllB : a cane of ec- 
blasUais and axial ptollflostion in LtpliHum aprlatmn; Dotason the gonnB Bnilonl", 
by B. L. Bobinsoa, pp. 40-48: a new station for Oallnioaa hUpida: raTiainn of li.e Nanh 
American Bpeeieii of Tephrottai reTieioD ot tbe tteous Quardwla, by B. L. KobinBou. 

pp. ia-m. 

Mute»m !•/ Comparatiie Zouloj/y at Hart-arilCiilItuf i Anniial report, 1888- 'W. Bulletins: 
Vol. XSXIII, 187 pases, in platea. tnostly heliotype: rol. XXXV, 2&2 pMaa, 27 lllboeraph 
and beliolf pv platea: lol. XXXVI, Nos. 1-S. 1S4 pages. SB plates: vol, XXXVIl. Nob. 1. :, 
az pages. Ml Utbograpb plates ; toI. XXXVtl!, No. I. DO pages, 38 beliotype plates, 
BAiaim,— ESMfi InitUute: Annnal report for 18W, SO pages; (or UOO. 48 pages. 
Turn CoLLtan.— Tufti Ctttlege Library : Tnlta CoUBcealndlea. No.fl, pp. 203-214, 1 place, 
MICHIGAN. 



LHA.— C A. LHtiit, Atithor: Botanii 
10 pages: a remarkable mnrl 

NH A.moo^~3H<:higan Academy of Scicnee: First report, 18M-'8e. 180 pages. 

Unioernltv-f Mifhigan: Cironlare. 

Gto.Wagnr<:PI\.D.: Pharmacopteiaotlbe United States. 1830. 1860, I8TD; pharmseograpbla, 
Flnckigor * Hanbarj' : tbe principloB of pharmaeogiioey, FlaokiKet ; reactions. Flncki- 
ger; i^uantitatire chemical analysis. Prescott A Johntoo: treatise on cbemlstry, 
BoBcoe AScborlemmer, 7 Tolnmes ; American Journal of Pharmacy, vols. SLIll to LVIII, 
1871-88. 16 Tolnmea. bound: tbe game, vols. LIX to LXII. IS87-'90, I rotamet. Id 
moDChly parts: Joi^as Llebia-s Aunal^n derCbemie, band* 99 to 324, 18SI-'84. IS •olomea, 
bonnd ; bands 221 Co 232. ISSl-'SS. 8 Tolumes, unbuund : QeDeral Beslstor, bands 221 to 
278, I884-'!U. 1 roinme. unbound ; bands 2711-280, 18S3-'91, 3 Tolumes, aabonDd ; Pbatma- 
eeatiaehe Bnndscban ( PharoiacentlcBl Beriew!. New York. rols. Vtl lo XVI, IB8»-'98, 10 
Tolames, 4 of tbam bound. Total, 12 Tolumet, Vi boond and 'iO unboand. 
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JltNMUPOLiB,— OmIo^IooI and Natural nuiory Burvry of ifinnaola. N. a. WlitehtU, 

Otoloffltt: Tynatt-taatxb aDDDsl report. 18SS-'Hi. Zilt pfioeB. Final report. 

IV, geolosj. 630 PBsea, 31 colored geological plates, 117 platsa al photosrapbio 

and iketDhei, 114 Bedim, 
Unh-rrtUu of Urinnfola — Affrlvulrurat Erprrtmi-iil aiatlon: BuIlaMai, Noa. «-«, SSt 

pag». 2S platfli ; S'os. ii-K, 733 pages : No. SB, »8 pages. 
OtpaTlmrnt of BoUxnv—Cunvay .VvMillan, Slate /tolnniU: Hianesota botaoical itadiBa. 

■eeoDd series. !>3fi psues, 31 pUtei, moscl)' liellolype. 
Depurlment of Enliimologu—OIlo l.vgyrr. Slate Entomologiii: Fonrtli annoal report, IBM, 

batlerflies and motha, £79 pagse. i!4 plaUu ; fifth report. ItSti. 2SB pages. 18 plates. 
Vlyttet S. Gram. Ph. ft, A lUlior: QBologjr of eaiteni eod of Meiiabi iron range, 14 pages. 

map; lakes with Iwo oatlett. It pages; dnftJaas area Id Dortheastem UiDDSIotia. 5 

pages; eoDtset mstatnorpldBm of a basie iRtieDO) rock, S pagas. 

uissour:. 

(.- StDdias, ToL I. No. I, SO pages. 
nentSlalion: BuUeCios 41-47. H7 pages. 
jKrrEasOH CtTt.— bureau of (Itolcoy and Mtnti: Annual report. 7tjl. SIl. 408 pages, 13 plalei, 
flmspi; blaoalal report, ISaS.eS pagasl New ; ear aaDODDcemeat. Jan. 1. ISOO. 17 pagefc 
Blalt Horllcvllural Socleti/: Fortietli annaal report, (IZ pages. 
ST.Lova.-Acailrmiiof Science 0/ Si. LouU: Tnneactioog. vol. VIII. Nos. 7-lZ, pp. 107-140, 
pll. XI-Ii:C; vol. LX,»a pages. 3» plates; tol. S. Nos. 1-10, 230 pages, S7 plates. 
3fliMourl Botanical Garden, H'ni. Tflraie. D<m-i.,r: Eigbtb annual raporl, 18B7, 2M pages, 
Wplales: ninth report. ISBH. ISO pages, 50 plates; teatb report, IGW, 211 pages. H platea : 
elevenlh anoaal report, IMO, 111 pages. U plates. 
Si. Louli Mercunllte Libraru Atiaclaliim: Fitly-seoonif anDaal report. M pages. 
/, B. 8. A'DTton, Aulhor: North Amerloaa species of Euphorbia. W pages. Vi ptales. 
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ljaii;oi.ii.— VnlreTtUy of Xrbraika, Avrivullural Eiprriment Slallon : Bollelins. Nob. Sa-«T. 
304 pages, 2 pistes. K Bgores. 
UnlreT'lIp oj Xebrailia .- Bnlletins. aeries IV, Nos. »-10, 100 pa 
Qraduate boUetio, «dL I. No. 1, Kl pages, 1 plates. Ualre 

Eduiin H. Barbour, A tiUuir: The home-made wlDdmills of Nebraska, 7H pages. 78 Sgnrss. ' 

NEW JERSEY. 

Nbw BsuHBwicK.^JVeui Jertty iKeroieopleat Society: Abstract. 39 pages. 

ROBBHONT.— Dr. a. If, Bill: Tarioni botanical and mieroscopioal papers. 

TtMtron.—AyHcultural ETptriment Slallon, B. ft Halited. BolanUt! 

NEW MEXICO, 

'.' Tbree new Alearodida! from Mexico; the lonal dla> I 

MEBiLLt PAH.-N'ew Ueiieo College of Ai/rieullure and Uechantc Arm BnlleliDs 14, IS, n | 

NEW VORIL 
AL8I0ir.-iraIMr F. Wtbb. PuMiiher: Tbe Uaseam. tali, V. 



-If.- List of books ia ilbrarr on ai 



ACCKS8IOK8 TO THE LIBRARY. 225 

ftiMU.'Kni.— Colgate UnictrMy, Dtpartmetil of Otolagy! CirenlBT of iDtonnstlOD. No. T, 

18«»-I900. 
ItbaCA.— 3f. V. SUngerland, ComrK Uafveriitji! Ballttiaa, Noc UB. 110. 171, ITS, ISS [«>«•, 

yiBgnnt. 
Laki Hobohk.— Report oI lonnb Btinaal maetla(on lotBcnatioiial BrbltraUoo, 1806. lis pagat: 

sixth. 1900. I2S pSKBi. 
N«w Bbiobtom.— .Vo(«ra( Sttenet Aiioeiatlon o/ Slaten Uland: Proeeedingt. toL TII, 18W- 

IWO, W pages. 
Naw Yo»x.~-l.i'<naan SocMn d/JVbw ror*.- Abttraot of proeeedlugi. No. 11, 18M, 38 paceg; 
No. 12. ISOO, i: pagoa. 
Xtvi York Aendemy ofac.lnxee$; Annala. Tola. XI, SIS pasea 1 XII. Tit pagaa. ZO platea; XIU, 
part I. U2 pagea, 16plat«f. Hemolra. quarto, rol. tl, parts I and 111.124 pages. 8 ptalea, 
JCf-io I'orJ: Bc-funlHlf llartlim : BnUetln. .ol. I, Sos. 1. 1, psgBa 171-181, platet 8-12. 

■I Club: fiollatia, lola. XXTI. 18W, BSfi pigea. IS plates; XXVII. 1900, 680 



pagaa, 21 plati 
BOCBUTBK.— ADflAestei 
IT, pagsa l-U. 



oaifeniii o/ Beitnet: ProceediDg*. toI. IU, part II, p 
NORTB CAROLINA. 



wlGI-ZWi tol. 



Cbipbi. Sii-L.— £lllAa MUehell SrienliJIc Socii^ty: Jonisal, TOla. XIT. part II. II 
111; XV. 1808. Ill pages; XVI, 1389, 91 pagea; XVU, part I.U pagea. 
It'. W. Athr, Author: Eaat American ipaciea of Cralttgvt, 10 pagm; aoms 
species of Panicum, H page*. 

NORTH DAKOTA, 
F±a»0.—lforth Dakala AgiieiiUuTalSiptTimtnt atntiom Eighth annoal rsDort, 81 pagas. 
OHIO. 



CmcimtTi.— C. G. LUnid: Third report oi 



■ Lloyd mycologieal muieDin, 1887 ; fourth ra- 

[ ths Dnitsd BUtee, 1888, 21 pages; iiiy<iolo«lDal 

Dotea. 18SB, lt)89,3Z pagea; catalogae of llie botanical deparlmeul of the UasA libiary. 

im. 1«», 21 pogea. 
lAayd lAbraTi/.J. V.and CO. Lloyd: Bulletins, Kos. 1 sod 3; rDproductlon aeries. No. I; 

collectiooi tor an essay toward a materia nedica of the DolUd SUt«B. by BeoJ. Smith 

Barton. 1798-1804, 158 page*; No. 2. the Indian doctor's dlipeaHBtoo'. 1^12. 120 pagcB. 
CtniM'nnarf .Uuisum Ai—ciatian: Nineteenth anaaal report. 1899. 72 pages; tneotletb. 

1900. 88 pages. 
CofcCKBtlB.— OAi., Aeadtmu of Science, Wm. C. MItU. Librnrlan: Bpocial papers. No. 8. 75 

pagaa. i plates. S charU. map. 
OMo Btnle Archirotoolcol and HUlarlcal SuiHeiy. K. O. Randall. Ntcrelary: Pitinnth 

anousl report, 29 pagea. Areho-ologlcBl and Historical Qaartrrl}'. Tola. 1, 103 pagea ; II. 

li'JS pages; til, 32B pages: IV. Ulpsgca; V.UO pages; VI. 183 pages; VII. 886 pases; all 

boDod ; lola. VUI. 188 pagea. many platea : IX. Nos. 1 and 2. 282 pagos, 
Ohio BlaU VniveriUy — Drparlmrnl Zoology ond Enlainology: DniTerBlli balletips. No. 

1. lia pagea; No. S, 21 pagea. 3 platea; No. 1, 21 pagea; No. 1. 108 pages. 
JaM. S. Hint. Author: PaaorpidKot AmorJca aarth ol Haiico, 21 pagea. 8 platea. 
W. A. Ketlernian. Ph. D.. Author: A follicolona form of eorgbDm smot; an Obio ttatloD 

of Ohio planiB, 88 pages : Arat eupplemcDt, 10 pseea: edible fungi of Ob in, H pages. 
Wm. C. Mull. Ph. D. : Tha preglaclBl draiDBge of Oliio, December, IGOO, 71 pages, 9 plates 

and akelehsB. 
CKnrlet B. Proiitr. AMho<': Correlation of Carboniferous roclit of Nebraaka with those of 

Kanaa*. 18 paffss; tha Permian and tIppiirCBrbunirerous of sonihem Eansai, £1 pages; 

note on the distribution of the Cheyenne sandaluna; gas-well sections in the upper 

Uobawlt lalloy. 22 pages: the fiheaandoHb llmeatoOB aad Uartinaburg shale. 10 pbrcs. 
I,umfna C. Riddle, Author {see Bffiogham, Eaa.) 
John H. Brhaffner, Author: The DataUoo of ffrllanthut: RBaeral mathods in boteoical 

microtechniqae; a good killing fluid; arti&oial producUon ol tha ilekle stage of the 

nacleolaa: a permanoDt staiD (Or starch; the O. B, D. NAtUallat, Tol. I. Noa. 1-1. UK 
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QraN VIC l.ft.—Dfnii'OH 

Ill-IX. na page) 
OtatUt.ttt.— Obtrlln Col 



KANSAS ACADEMY OF SCIBNCB. 
rnit^enilv: BullBtio of tba scieatiao labontorlBi, mL XI, ■ 
cur; Laboistory bnlleUo. No. 10, U pages: WUwd bnUetin. 1 

BDUeUiiii,Mo«.»e-108.43}pa««;NofcUIK' I 



pBii.iDBi.FHiA.—^«nieinj/ o/JVuniral Seienera/ Philad/lphia: Proceediofft, ISBg, complete^' 
UTpaeeii. ZSpUte*; 18N. 577 paces. BO plsbu: 1800, SOS pB««>, £5 pUlea. 
ATnerieaa FhOoiuphical Boeiai/i Proceedinga, voL SSXVIl, MO tvget. U platMl »oL 

XXXVIU, eU! pwea. B plauu : «ol. XSSIS. 73S pa««. 17 plalei. 
A'um^imatic anil ^ nrl'/uarian Socirty of rhiUuIflphia : ProceeAiaga It 

'K, 168 pag«"p 13 platai. 
Ttie Philadeliihia iluicMmt: BcieutiHc bnlletiii No. 1, 2£ page*. I plalei: tlie oommaiciBl I 

moBMim.lfl pages: tbe state o[ Nicaragua, 93 pi 
Vnlvrrtity 0/ Ptnmylvania. Frer Mtneiim of SiHt 
210 pages; II.I88»-igW, 280 pagea, StplatM. 
Prti»BVS.a.~~Cafatiii' [niUlulc: Tlie fonrtli SDiiual eelebntJoD ot toaai 
coDteel; anoaal raport of direotor, 1900, 

80CTH DAKOTA. 
BafiH Cm.— South Dakota School o/iliita: Bnlletla No. 4. departmeal 

TENNESSEE. 
K«OITII.t.tt,— I/BiiFB-rtfj/ o/ Tmneiiet.- UaivBraitf ot Tea 



.- Ballatia, Tola. I, U»I-*98. 



Dany platea and flgarea. 



TBXAS, 

Seirnfc: Trannactiona, toI 
VEBMONT. 



6,IDBpa«e<; IU.lSM,3Hpa>M. ■ 



Bnai.aitttOtl.—UHiferilli/B/yerntoiilaiKlSUneAartcuUuratConrof: Twelfth and tbirtosath 
■aaaal raporU, 18>S-1900, BOI pagea, 1 platea. Bulletins. Noa. «e. 72-M, 410 p«g««, 
Oeorue B, Perkint, Blaft OeologUt: Marble, alale and graaile iadaatriea: mineral m- ] 
■onroH ot VermoDt, l3»-ieC0, 



Sfokani.— £. J 



1, toU m. IV. V, 1 



Madison.— H'iieunifo Acadcmt/ of Si 
641 pages, 13 platci. 
Wiieoiiitn Geoloniral and flaiur 
No. 3. a pagea. Bcianliflc »■ 



iiiiarii Suniej/' Bnllelios. 
a, IK plalea. 
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Br B. B. SUVTH. LinEURitK. ^^H 


^^1 


AIUHSIB. 






STaaatoD-NorUiwaatern Univaraitf , ^^H 








Peoria-Pearla ScieatiSc Awociation. ^^M 


lioUDt HBmllUiii-Ttie Lick Obwrrntarr Lib. 


Princeton- Prince ton Academy of SaleDMt. ^^H 


B«c«m«oto-C«Ufi»nla BUle Librair. 


Bock Iglaad— ADKUBUna CoUwB Library. ^H 




Bock Island Public Library. ^H 


San DleBo-San Dicfto Society of Nab. Hist. 


Sprlneaeid-aeologlcBl Surrey of Illlnoli. ^M 




IlllDuis Stale Board of AgTiooltare. ^H 


California State Mining BnreaQ. 


lUlnoia State Library. ^M 


San FninclKO Fnw PubKo Library. 




State Board o( Forealry. 




SMte Board of Borti culture. 


Bloomington-Indiana State UnlTenilty, ^H 




Brookviile-BrookviUe Society of Nat. HIbI. ^ 


^L ">• Techoloal Booi«tr of the Paciflc Coa.l. 


Indiana Academy of Science. 


^M BanM Barbara-Santa Barbara Frsa Pub. Lib. 


Qreencastle— Do Panw Univentty. 


^^^B C01.OBADO. 




Den* er-Colorado SMCo Idbtary, 
DolteraiW of Dsoiar. 


Indiauipoiis Public Library. 
Terte HauCo— Rose Polytechnic lugtitate. 


pBehlo-Pr« pQblie Library. 






AmeB -Agricultural CoUeiie Library. 


^H Hartfonl— State Library of Conaecticnt. 


Conocil Hluas— Free Public Library. 
De» Moioe«-Io»a Sute Library. 




Iowa Ciiy-SUte nniienity of Iowa. 


^H New Bayan-Vale Coileso Library, 
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AntLoay-HiKh Scbool Library. 


^H DoTsi^Delavare State Library. 


Ateblson-Uidland College Library. 




Bald » in -Baker Coireralty Library. 
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Burlington -Burlington Library Aaiociation. 


^B Waahingtoa-Antbtopoloeical (Jooiaty. 


Bnrrlon-BurrtoD Library, 


^H National Academy of Sciencea. 


Clay Ceoter-HiBh School Library, 


^H Pbilcnapbical Society of Waehlnittoa. 




■ 


Council QroTB-Bigh School Library. 




Effingbam-Alcblioo County Bigb School Lib. 








Emporia High School Library. 
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Knrekn-Southarn Kanaai Academy Library, 


H Atbeoa-DnlTeraitf of Qeorgla. 


Fort Scol(-S, E. Kansas Normal College. 


^" AUanU— Oeorda Stats Library. 
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Birda aeen In Dicklnaou county, ISBS-lBOO - LnnU US 

Black duck (.^naiobacuro) in Kanaaa-Uatthawa 1U 

Boyleg, Daila, elected to membonhlp 1, 17 

Broadhead, O. C, mentioned 174 

Building atone I4K, SM 

BolletinorComparatiTeZoology of Harrard College, oiled 174 

BalletiB OeoIoglGal Soelaly of Amerioa, citod 17t 

Bulletin TDrrByBotaal(iBlClDb,alted 174, 178, 177 

BnlletinW.BbbumCoUegeLaboratoryofNatnraiaiatory. cited., 115, 174 

Boahoog, P. W.—Aoalysiaof magneaia water found near Uadiaon, Kan S, 53 

mentlotiDd 1, i, S 

A II. 17 
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Charles, H. W. — Dakota sandstooe in Washiiifirton county, Kansas IM 

elected to membership 1, 17 

Chemistry and physics — general heading 35 

Clay 4«, 134, 148. 206 

Coal 45-52, 151, 167. 201, 202 

Coal and lllnminating gas, relative heating power of —Bailey 95 

Coleoptera of Kansas, additions for 1899 and 1900 — Knans 109 

Composition of the soil, effect of continuous cropping of wheat upon — Willard 41 

Constitution and by-laws of the Academy 14 

Cooper, J. C, elected to office 4, 8, 11, 16 

mentioned 1 , 2. 17 

Corona of the sun ( a lecture ) — Miller 210 

Cope, B. D., mentioned 171, 172, 173 

Correspondents of the Academy 227 

Cragin, F. W., elected to life membership 11, 16 

mentioned 131. 133, 134,1165, 175, 176, 179, 180, 181, 182, 217 

Crayfishes of Kansas, annotated catalogue — Harris 115 

Croveccbur, F. F., elected to membership 11, 17 

mentioned 109 

Curtis, Geo. H.— Some DiatomacesB of Kansas *. 3, 7, 11,67-78 

Diatomaceep of Reno county, Kansas 7, 70-75 

Diatoraaceep of Topeka and Silver Lake 8, 67-70 

the food offish in central Kansas 11, 75-78 

Dakota Cretaceous of Kantiias and Nebraska — C. N. Gould 122 

Dakota sandstone 122-184, 194, 200, 206, 207 

Dakota sandstone in Washington county — Charles 194 

Darton, N. H., mentioned 131, 137, 139,. 153, 159, 177 

Dawson, J. S., elected to membership 1, 17 

Deep well at Atchison, record of 51 

Deep well at Valley Falls, record of 45 

Department of agriculture, mentioned 109 

Diatomacese of Gage's pond and Silver Lake — Geo. H. Curtis. 67 

Diatomaceae of Reno county, Kansas — Geo. H. Curtis 70 

Diel, S. A., eltHJted to membership 6, 17 

Dinsmore, T. H., jr., mentioned 39 

Dunlevy, R. B, mentioned 5, 17 

Ecology, a brief outline — Hitchcock 28 

Effect of oxygen upon animal life — Willard and Kinsley 38 

Effect upon the composition of the soil of continuous cropping of wheat— J. T. Willard.... 41 

Elliott, R. 8., mentioned 172 

Experiments on the relative heating iwwer of coal and illuminating gas 35 

Fall, H. C, Pasadena, Cal., mentioned 109 

Fairohiid, Geo. T., elected to honorary membership 11 

Fauna of the Permian of the central United States — Beede 185 

Fisher, C. A., mentioned 123, 181, 178 

Flint hills of Kansas— Mead % 207 

Florida herbarium of A. S. Hitchcock, list of plants 79 

Food of fish in central Kansas, the — Goo. H. Curtis 75 

Foreign correspondents of the Academy 232 

FossU plants and leaves 122-131, 138. 142, 145, 155, 160-177. 208 

Fossil plants in the Permian of Kansas — Sellards 208 

Franklin. B. C, mentioned 3, 7, 8, 16 

Gardiner, Maud, mentioned 6 

Gas and petroleum 202, 203 

(Generic index 231 

Geographical distribution of the Dakota Cretaceous 181 

Geology and paleontology— general heading 122 

Geology of the Glass mountains of western Oklahoma— White 190 

Gilbert, G. K., mentioned 131. 176 

Glacial drift 133. 136. 187, 152 

Gould, C. N.— On the southern extension of the Marion and Wellington formations.. . . 7, 179-181 

the Dakota Cretaceous of Kansas and Nebraska, 7, 122-178 

the Oklahoma salt plains 6, 181-184 

mentioned 5. 6, 7, 11, 17, 177, 178, 194 

Graham, I. D., elected to life membership 8, 16 
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Valentine, Jnd^ D. M., elected to life membership 8, 16 

Wagner, Geo., mentioned 19, 221, 223 

Walters, J. D., mentioned 5, 19 

Ward. Lester F.. mentioned 123, 181, 183, 184, 186, 142, 143, 182, 167, 175, 176, 177 

Washington oonnty Dakota sandstone 194 

Water-supply from a sanitary standpoint (a lecture)— F. O. Marvin S2 

Water-supply of the Dakota Cretaceous 152 

Welin, J. B., elected to membership 1, 19 

West, Judge B. P., mentioned 180, 162, 166 

Westgate, J. M., elected to membership 6, 19 

White, C. A., mentioned 131, 182. 144, 166. 167. 171, 172, 174. 175. 176 

White, Mark— Oeology of the Glass mountains of western Oklahoma 2, 199, 200 

elected to membership 2, 19 

White. PaulJ., mentioned 190 

Willard, J. T.— Bffect upon composition of the soil of continuous cropping of wheat. . . 7, 41-42 

mentioned 5, 6, 7, 19 

Willard, J. T., and Kinsley, A. T.— On the effect of oxygen upon animal life 7. 88-41 

WiUiston, 8. W.— Anew turtle from the Kansas Cretaceous 196-190 

mentioned... 2, 8, 7, 10, 12, 16, 131. 139, 166. 167. 177, 195. 222 

Wooster, L. C, elected to office 8. 11. 16 

mentioned 5, 19. 221 



SUGGESTION. 



PersoDS friendly to the Academy, having a surplus of scientific books or of 
natural history or scientific specimens, and desiring to place them where the 
greatest number of people may be benefited by them, will do well to donate them 
to the Kansas Academy of Science, at Topeka. The Academy will pay freight 
and give the donors credit in placing them on exhibition in the State Museum. 

B. B. SfifYTH, Curator. 
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